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405 
UAA1300 
Voltage regulator with watchdog for microprocessor/controller systems 
744 
UC3842 
Current-mode PWM controller .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
827 


SG3524 
SMPS control circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
815 


TDA1023fT 
Proportional-control triac triggering circuit 
. . . . . . . . . . . . . . 
705 
TDA1534 
14-bit analog-to-digital converter 
. . . .. .. .. . .. .. . . . .. .. . . . .. . . 
. . . .. . . .. 
445 
TDA1535B 
High-speed single sample-and-hold amplifier 
678 
TDA1541A 
Stereo high-performance 16-bit DAC . . . . . . . . . . . . . . . . . . . . . . . . . . . 
577 
TDA1543 
Dual 16-bit DAC (economy version) (12Sinput format) 
586 


TDA1543A 
Dual 16-bit DAC (economy version) (Japanese input format) 
595 
TDA1545 
Stereo continuous calibration DAC 
603 


TDA1547 
Dual top-performance bitstream DAC 
.. .. .. .. .. .. .. 
612 


TDA5140NAT 
Brushless DC motor drive circuit 
. . . . . . . . . 
. . . . . . . . . . . . . . . . . 
872 


TDA5141fT1AT 
Brushless DC motor drive circuit............ 
889 


TDA5142 
Brushless DC motor drive circuit 
. . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . 
906 


TDA5145 
Brushless DC motor drive circuit 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
921 


TDA8380 
Control circuit for switched-mode power supplies 
. . . . . . . . . . . . . . . . . . . 
836 


TDA8444/AT/T 
Octuple 6-bit DAC with 12C-bus 
. . . . . . . 
. . . . . . . . . . . . . . . . . 
626 


TDA8702fT 
8-bit video digital-to-analog converter 
635 
TDA8703T 
8-bit high-speed analog-to-digital converter. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
422 
TDA8706 
6-Bit analog-to-digital converter with multiplexer and clamp 
435 
TDA8708 
Video analog interface for composite luminance 
. . . . . . . . . . . . . . 
452 
TDA8709 
Video analog interface for chroma input. . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . 
465 
TDA8713 
8-bit high-speed analog-to-digital converter. 
. . 
. . . . . . . . . . 
. . . . . . . . . . 
478 
TDA8715 
8-bit high-speed analog-to-digital converter 
491 


TDE8715D 
8-bithigh-speed 
analog-to-digilal converter 
(Mil. temp.) 
.. .. 
502 


TDE8712 
LOOK IT UP . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . 
502 


TEA 1039 
Control circuit for switched-mode power supply. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 
853 


TEA 1041T 
Battery low-level indicator 
720 


TEA 1OBBT 
Switched-mode 
power supply battery charger control circuit ..... 


IJA7231723C 
Precision voltage regulator 
. 


1JA7331733C 
Differential video amplifier 
.............•....••...•......... 
. ..••.....•.......... 


1JA741/1JA741C/SA741CGeneralpurposeoperationalamplifier 
.........••...•...........•.... 


1JA747C 
Dual operational amplifier 
...................•....••..........•... 


Philips 
Semlconductors-Slgnetlcs 
Unear 
Products 


NE XXXX N 
'- 
-- 
TL 
_ 
- 
Package Description: 
A 
Plastic Leaded Chip Carriers (PLCC) 


D 
Plastic SO 
F 
Ceramic Dual In-Une 
G 
Hermetic Chip Carriers - Leadless 
H 
Headers 
N 
Plastic Dual In-Line 
P 
Pin Grid Array - Hermetic 
W = 
Hermetic Cerpac 
Y 
= 
Ceramic Square Quad Flat Pack 


Device Number 


Device Family and Temperature 
Range Prefix 


AU 
-40°C to +125°C 
NE 
0 to +70°C 
SE 
-55°C to +125°C 
SA 
-40°C to +80°C 


PHILIPS PRODUCTS PART NUMBERING SYSTEM 
PREFIXES HE, PC, PN, SA, TO, TE, TS, UM 


Ex_a_m_p_le_:_...JJ 
A 
~~ C 
P 
~ 


Device Family 
HEx 
CMOS Circuit 


PCx 
CMOS Circuit 
PNx 
NMOS Circuit 


SAx 
Digital Circuit 


TDx 
Unear Circuit 


TEx 
Linear Circuit 


TSx 
Analog Circuit 
UMx 
Digital Circuit 


Package Description: 
N 
Plastic Dual In-Line 
D 
Plastic SO 
F 
= 
Ceramic Dualln-Une 
U 
= 
Plastic Single In-Line 


Package Marking on Part: 
P 
Plastic Dual In-Line 


T 
= 
Plastic SO 
D 
= 
Hermetic Cerdip 


Device Number 


Operating Temperatures: 
A 
Temperature range not specified (see data sheet) 


B 
0 to +70°C 
C 
-55°C to +125°C 
D 
-25°C to +70°C 
E 
-25°C to +85°C 
F 
-40°C to +85°C 
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Operational Amplifiers 


LM124122413241 
324A1SA5341 
LM2902 
Low power quad op amps 
3 


AU2902 
Low power quad operational 
amplifier 
............•..... 
11 


1lA741/JJA741CI 
SA741C 
General purpose operational amplifier 
16 


flA747C 
Dual operational amplifier 
.................•.......... 
23 


MCISA14581 
MCl558 


NEiSAlSE4558 


NElSE531 


NEiSAlSE5512 


NElSE5514 


NElSE55321 
5532A 
Intemally-compensated 
dual low noise operational 
amplifier. 
53 


NE553315533A1 
NEISAlSE55341 
5534A 
Dual and single low noise op amp 
.......•............. 
59 


NElSA5230 
Low voltage operational amplifier 
........••............ 
68 


NEiSAlSE5321 
LM15812581 
3581A12904 


AU2904 


NElSA5234 


General purpose operational 
amplifier 
. . . . . . . . . . . . . . . . . . 28 


Dual general-purpose 
operational amplifier 
34 


High slew rate operational 
amplifier 
39 


Dual high-performance 
operational 
amplifier 
47 


Quad high-performance 
operational 
amplifier 
50 


Low power dual operational amplifiers 
80 


Low power dual operational 
amplifier. 
. . . . . . . . . . . . . . . . . . 86 


Matched quad high-performance 
low-voltage 


operational amplifier 
92 


LM124/224/324/324A/ 


SA534/LM2902 


DESCRIPTION 
The LM124/SA534/LM2902 
series consists of 


four independent, 
high-gain, internally 


frequency-compensated 
operational 


amplifiers designed specifically to operate 
from a single power supply over a wide range 
of voltages. 


UNIQUE FEATURES 
In the linear mode, the input common-mode 
voltage range includes ground and the output 
voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 


The unity gain crossover frequency and the 
input bias current are 
tem peratu re-co mpen sated. 


FEATURES 


• Internally frequency-compensated 
for unity 
gain 


• Large DC voltage gain: 100dB 


• Wide bandwidth (unity gain): 1MHz 


(tem perature-com pen sated) 


• Wide power supply range Single supply: 


3Voc to 30Voc or dual supplies: ±1.5Voc 
to±15Voc 


• Very low supply current drain: essentially 
independent 
of supply voltage (1mW/op 
amp at +5Voc) 


• Low input biasing current: 45nAoc 
(tem perature-com pen sated) 


• Low input offset voltage: 2mVoc and offset 
current: 5nAoc 


• Differential input voltage range equal to the 
power supply voltage 


• Large output voltage: OVoc to Vcc-1.5Voc 


swing 


DESCRI PTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
-55°C to +125°C 
LM124N 


14-Pin Ceramic DIP 
-55°C to +125°C 
LM124F 


14-Pin Plastic DIP 
-25°C to +85°C 
LM224N 


14-Pin Ceramic DIP 
-25°C to +85°C 
LM224F 


14-Pin Plastic DIP 
O°C to +70°C 
LM324N 


14-Pin Ceramic DIP 
O°C to +70°C 
LM324F 


14-Pin Plastic SO 
O°C to +70°C 
LM324D 


14-Pin Plastic DIP 
O°C to +70°C 
LM324AN 


14-Pin Plastic SO 
O°C to +70°C 
LM324AD 


14-Pin Plastic DIP 
-40°C to +85°C 
SA534N 


14-Pin Ceramic DIP 
-40°C to +85°C 
SA534F 


14-Pin Plastic SO 
-40°C to +85°C 
SA534D 


14-Pin Plastic SO 
-40°C to +85°C 
LM2902D 


14-Pin Plastic DIP 
-40°C to +85°C 
LM2902N 


LM 124/224/324/324A/ 
SA534/LM2902 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VCC 
Supply voltage 
320r±16 
Voc 


VIN 
Differential input voltage 
32 
VDC 


V1N 
Input voltage 
-0.3 to +32 
VDC 


Po 


Maximum power dissipation, 
TA=25°C (still-air) 1 


N package 
1420 
mW 


F package 
1190 
mW 


D package 
1040 
mW 


Output short-circuit 
to GND one 


amplifier 
Continuous 


Vcc<15VDC and TA=25°C 


IIN 
Input current (V1N<-o.3V)3 
50 
mA 


TA 
Operating ambient temperature 
range 


LM324/A 
o to +70 
°C 


LM224 
-25 to +85 
°C 


SA534/LM2902 
-40 to +85 
°C 


LM124 
-55 to +125 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


TsoLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Derate above 25°C at the following rates: 
F package at 9.5mW/oC 
N package at 11.4mWfOC 
D package at8.3mW/OC 


2. 
Short-circuits 
from the output to Vcc+ can cause excessive heating and eventual destruction. 
The maximum output current is approximately 


40mA, independent 
of the magnitude of Vcc. At values of supply voltage in excess of +15VDC continuous 
short-circuits 
can exceed the 
power dissipation 
ratings and cause eventual destruction. 


3. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 


input PNP transistors 
becoming forward biased and thereby acting as input bias clamps. In addition, there is also lateral NPN parasitic 


transistor action on the IC chip. This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large 
overdrive) during the time that the input is driven negative. 


LM124/224/324/324A/ 


SA534/LM2902 


DC ELECTRICAL CHARACTERISTICS 
Vcc=5V, TA=25°C unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM124/LM224 
LM324/SA534/LM2902 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Offset voltage 1 
Rs=On 
±2 
±5 
±2 
±7 
mV 


Rs=On, over temp. 
±7 
±9 
mV 


fNos!t>T 
Temperature drift 
Rs=On, over temp. 
7 
7 
Ilvrc 


ISlAS 
Input current2 
IIN(+) or IIN(-) 
45 
150 
45 
250 
nA 


IIN(+) or IIN(-), over temp. 
40 
300 
40 
500 
nA 


t>lsIAs!t>T 
Temperature 
drift 
Over temp. 
50 
50 
pA/oC 


los 
Offset current 
IIN(+)-IIN(-) 
±3 
±30 
±5 
±50 
nA 


IIN(+)-IIN(-), over temp. 
±100 
±150 
nA 


Vos 
Offset voltage' 
Rs =on 
±2 
±5 
±2 
±7 
mV 


Rs = OQ, over temp. 
±7 
±9 
mV 


t>Vos!t>T 
Temperature 
drift 
Rs = on, over temp. 
7 
7 
IlV/oC 


ISlAS 
Input current2 
IIN(+) or IIN(-) 
45 
150 
45 
250 
nA 


IIN(+) or IIN(-), over temp. 
40 
300 
40 
500 
nA 


t>ISIAs!t>T 
Temperature 
drift 
Over temp. 
50 
50 
pA/oC 


los 
Offset current 
IIN(+) -fiN 
(-) 
±3 
±30 
±5 
±50 
nA 


IIN(+) -IIN 
(-), over temp. 
±100 
±150 
nA 


t>los!t>T 
Temperature drift 
Over temp. 
10 
10 
pA/oC 


VCM 
Common-mode 
voltage 
Vcc~OV 
0 
Vcc-1.5 
0 
Vcc-1.5 
V 


range3 
Vcc530V, over temp. 
0 
Vcc-2 
0 
Vcc-2 
V 


CMRR 
Common-mode 
rejection 
Vcc=30V 
70 
85 
65 
70 
dB 
ratio 


VOUT 
Output voltage swing 
RL-2k.Q, Vcc-30V, 
26 
26 
V 
over temp. 


VOH 
Output voltage high 
RL510k.Q, Vcc=30V, 
27 
28 
27 
28 
V 
over temp. 


VOL 
Output voltage low 
RL510k.Q, Vcc=5V, 
5 
20 
5 
20 
mV 
over temp. 


Icc 
Supply current 
RL=00,Vcc=30V, 
1.5 
3 
1.5 
3 
mA 
over temp. 


RL=00,Vcc=5V, 
0.7 
1.2 
0.7 
1.2 
mA 
over temp. 


AVOL 
Large-signal 
voltage gain 
Vcc=15V 
(for large Vo 
50 
100 
25 
100 
V/mV 
swing), RL",2kn 


Vcc=15V 
(for large Vo 


swing), RL"'2k.Q, 
25 
15 
V/mV 


over temp. 


Amplifier-to-amplifier 
f-l kHz to 20kHz, 
-120 
-120 
dB 
couplingS 
input referred 


PSRR 
Power supply rejection ratio 
Rs<OQ 
65 
100 
65 
100 
dB 
Output current 
VIN+-+1V, V1w-OV, 
20 
40 
20 
40 
mA 
source 
Vcc=15V 


VIN+=+1V, VIW=OV, 
10 
20 
10 
20 
mA 
Vcc=15V, over temp. 


lOUT 
Vlw-+1V, 
VIN+-OV, V+-15V 
10 
20 
10 
20 
mA 


sink 
V1w-+1V, VIN+-OV, 
5 
8 
5 
8 
mA 
Vcc=15V, over temp. 


Vlw-+1V, 
VIN+-OV, 
12 
50 
12 
50 
Vo=200mV 
flA 


Isc 
Short-circuit 
current" 
10 
40 
60 
10 
40 
60 
mA 


LM124/224/324/324A/ 


SA534/LM2902 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM124/LM224 
LM324/SA534/LM2902 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


GBW 
Unity gain bandwidth 
1 
1 
MHz 


SR 
Slew rate 
0.3 
0.3 
V/Jis 


VNOISE 
Input noise voltage 
f=1kHz 
40 
40 
nVl-JHz 


VOIFF 
Differential input voltage3 
Vcc 
Vcc 
V 


LM 124/224/324/324A/ 


SA534/LM2902 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM324A 
UNIT 


Min 
Typ 
Max 


Vos 
Offset voltage 1 
Rs=On 
±2 
±3 
mV 


Rs=On, over temp. 
±5 
mV 


llVos!IlT 
Temperature drift 
Rs=On, over temp. 
7 
30 
flV/oC 


IBIAS 
Input current2 
IIN(+) or IIN(-) 
45 
100 
nA 


IIN(+) or IIN(-), over temp. 
40 
200 
nA 


llIBIAs!IlT 
Temperature drift 
Over temp. 
50 
pN°C 


los 
Offset current 
IIN(+)-IIN(-) 
±5 
±30 
nA 


IIN(+)-IIN(-), over temp. 
±75 
nA 


1l10s!IlT 
Temperature drift 
Over temp. 
10 
300 
pN°C 


VCM 
Common-mode 
voltage range3 
VccS30V 
0 
Vcc-1.5 
V 


VccSSOV, over temp. 
0 
Vcc-2 
V 


CMRR 
Common-mode 
rejection ratio 
Vcc=30V 
65 
85 
dB 


VOUT 
Output voltage swing 
Rl =2kn, Vcc=30V, 
26 
V 
over temp. 


VOH 
Output voltage high 
RlS10kn, 
Vcc=30V, over temp. 
27 
28 
V 


VOL 
Output voltage low 
RlS10kn, 
Vcc=5V, 
5 
20 
mV 
over temp. 


Icc 
Supply current 
Rl=oo, Vcc=30V, over temp. 
1.5 
3 
mA 


Rl =00,Vcc=5V, over temp. 
0.7 
1.2 
mA 


AVOl 
Large-signal 
voltage gain 
Vcc=15V 
(for large Vo swing), Rl,,2kn 
25 
100 
V/mV 


Vcc=15V 
(for large Vo swing), Rl,,2kn, 
15 
V/mV 
over temp. 


Amplifier-to-amplifier 
couplingS 
1=1kHz to 20kHz, 
-120 
dB 
input referred 


PSRR 
Power supply rejection ratio 
RssOn 
65 
100 
dB 


Output current 
V1N+=+1V,V1W=OV,Vcc=15V 
20 
40 
mA 
source 


VIN+=+ 1V, VIW=OV, Vcc=15V, over temp. 
10 
20 
mA 


lOUT 
V1w=+1V, VIN+=OV,V+=15V 
10 
20 
mA 


sink 
VIW=+ 1V, VIN+=OV, Vcc=15V, over temp. 
5 
8 
mA 


V1w=+1V, V1N+=OV,Vo=200mV 
12 
50 
flA 


Isc 
Short-circuit 
current" 
10 
40 
60 
mA 


V01FF 
Differential input voltage3 
Vcc 
V 


GBW 
Unity gain bandwidth 
1 
MHz 


SR 
Slew rate 
0.3 
V/fls 


VN01SE 
Input noise voltage 
1=1kHz 
40 
nV/"Hz 


NOTES: 
1. Vo = 1.4Voc, Rs=On with Vcc from 5V to 30V and over full input common-mode 
range (OVoc+ to Vcc -1.5V). 
2. 
The direction of the input current is out of the IC due to the PNP input stage. This current is essentially 
constant, independent 
of the state of 
the output so no loading change exists on the input lines. 
3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3Y. The upper end of the 
common-mode 
voltage range is Vcc -1.5, but either or both inputs can go to +32V without damage. 
4. 
Short-circuits 
from the output to Vcc can cause excessive heating and eventual destruction. 
The maximum output current is approximately 
40mA independent 
of the magnitude 
of Vcc. At values of supply voltage in excess of +15Voc, continuous 
short-circuits 
can exceed the pow- 
er dissipation 
ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous 
shorts on all amplifiers. 


5. 
Due to proximity of external components, 
insure that coupling is not originating via stray capacitance 
between these external parts. This 
typically can be detected as this type of coupling increases at higher frequencies. 


Philips Semiconductors-Signetics 
Linear Products 
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Output Characteristics 
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Output Characteristics 
Open-Loop 
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Gain 
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Large-Scale 
Voltage-Follower 
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DESCRIPTION 
The AU2902 consists of four independent, 
high-gain, internally frequency-compensated 
operational 
amplifiers designed specifically to 


operate from a single power supply over a 
wide range of voltages. 


UNIQUE 
FEATURES 


In the linear mode, the input common-mode 
voltage range includes ground and the output 
voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 


The unity gain crossover frequency and the 
input bias current are 
tem peratu re-co mpen sated. 


• Internally frequency-compensated 
for unity 
gain 


• Large DC voltage gain: 100dB 


• Wide bandwidth (unity gain): 1MHz 
(tem peratu re-com pen sated) 


• Wide power supply range Single supply: 
3Voc to 30Voc or dual supplies: ±1.SVoc 
to ±1SVoc 


• Very low supply current drain: essentially 


independent 
of supply voltage (1mW/op 
amp at +SVoc) 


• Low input bias current: 4SnAoc 


(tem perature-com pen sated) 


• Low input offset voltage: 2mVoc and offset 


current: SnAoc 


• Differential input voltage range equal to the 
power supply voltage 


• Large output voltage: OVoc to Vcc-1.SVoc 


swing 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
32 or±16 
Voc 


V,N 
Differential input voltage 
32 
Vrx; 


V,N 
Input voltage 
--{).3 to +32 
Voc 


POMAX 
Maximum power dissipation, 


TA=25°C(still-air) 
, 


N package 
1420 
mW 


D package 
1040 
mW 


Output short-drcuit 
to GND one 


amplifier 
Continuous 


Vcc<15Voc 
and TA=25°C 


I'N 
Input current (V,N<-{).3V)3 
50 
mA 


TA 
Operating ambient temperature 
range 


AU2902 
-40 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLO 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Derate above 25°C at the following rates: 


N package at 11.4mW?C 
D package at 8.3mW/oC 
2. 
Short-circuits 
from the output to Vcc+ can cause excessive heating and eventual destruction. The maximum output current is approximately 


40mA, independent 
of the magnitude of Vcc. At values of supply voltage in excess of + 15Voc continuous 
short-circuits 
can exceed the 
power dissipation 
ratings and cause eventual destruction. 


3. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 


input PNP transistors becoming forward biased and thereby acting as input bias clamps. [n addition, there is also lateral NPN parasitic 
transistor action on the IC chip. This action can cause the output voltages of the op amps to go to the V+ rail (or to ground for a large 
overdrive) during the time that the input is driven negative. 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=5V, TA=25°C unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2902 
UNIT 


Min 
Typ 
Max 


Vas 
Offset voltage 1 
Rs=OQ 
±2 
±7 
mV 


Rs=OQ, over temp. 
±9 
mV 


tNos//!.T 
Temperature drift 
Rs=OQ, over temp. 
7 
llV/oC 


IB1AS 
Input current2 
I'N(+) or I,N(-) 
45 
250 
nA 


I'N(+) or I'N(-), over temp. 
40 
500 
nA 


/!.IBIAS//!.T 
Temperature drift 
Over temp. 
50 
pAJoC 


los 
Offset current 
I,N(+)-I,N(-) 
±5 
±50 
nA 


[,N(+)-I,N(-), over temp. 
±150 
nA 


/!.[os//!.T 
Temperature drift 
Over temp. 
10 
pAJoC 


VCM 
Common-mode 
voltage range3 
Vcc,,30V 
0 
Vcc-1.5 
V 


Vcc,,30V, over temp. 
0 
Vcc-2 
V 


CMRR 
Common-mode 
rejection ratio 
Vcc=30V 
65 
70 
dB 


VOUT 
Output voltage swing 
RL=2kQ, Vcc=30V, 
26 
V 
over temp. 


VOH 
Output voltage high 
RL~10kQ, Vcc=30V, 
27 
28 
V 
over temp. 


VOL 
Output voltage low 
RL,,10kQ, Vcc=5V, 
5 
20 
mV 
over temp. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2902 
UNIT 


Min 
Typ 
Max 


Icc 
Supply current 
RL;~, Vcc;30V, 
1.5 
3 
mA 
over temp. 


RL;~, 
Vcc;5V, 
0.7 
1.2 
mA 
over temp. 


AVOL 
Large-signal 
voltage gain 
Vcc;15V 
(for large Va swing), 
25 
100 
V/mV 
RL2:2kQ 


Vcc;15V 
(for large Va swing), 
RL2:2kQ, 
15 
V/mV 


over temp. 


Amplifier-to-amplifier 
couplingS 
f; 1kHz to 20kHz, 
-120 
dB 
input referred 


PSRR 
Power supply rejection ratio 
Rs;OQ 
65 
100 
dB 


Output current 
V,N+;+1V, V,N-;OV, Vcc;15V 
20 
40 
mA 
Source 


V,N+;+1V, V,N-;OV, Vcc;15V, 
over 
10 
20 
mA 
temp. 


lOUT 
V,,,;+1V, 
V,N+;OV, V+;15V 
10 
20 
mA 


Sink 
V'N~+1V, 
V,N+;OV, Vcc;15V, 
over 
5 
8 
mA 
temp. 


V,,,;+1V, 
V,N+;OV, Vo;200mV 
12 
50 
llA 


Isc 
Short-drcuit 
current" 
10 
40 
60 
mA 


VD1FF 
Differential input voltage3 
Vcc 
V 


GBW 
Unity gain bandwidth 
1 
MHz 


SR 
Slew rate 
0.3 
V/IlS 


VNOISE 
Input noise voltage 
f;1kHz 
40 
nV/-IHz 


NOTES: 
1. Va ~ 1.4VDC, Rs;OQ with Vcc from 5V to 30V and over full input common-mode 
range (OVDC+to Vcc -1.5V). 
2. 
The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially 
constant, independent 
of the state of 


the output so no loading change exists on the input lines. 
3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode 
voltage range is Vcc -1.5, 
but either or both inputs can go to +32V without damage. 
4. 
Short~ircuits 
from the output to Vcc can cause excessive heating and eventual destruction. The maximum output current is approximately 
40mA independent 
of the magnitude 
of Vcc. At values of supply voltage in excess of +15VDC, continuous 
short~ircuits 
can exceed the pow- 


er dissipation 
ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous 
shorts on all amplifiers. 
5. 
Due to proximity of external components, 
insure that coupling is not originating via stray capacitance 
between these external parts. This 


typically can be detected as this type of coupling increases at higher frequencies. 
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DESCRIPTION 
The j.lA741 is a high performance 
operational 


amplifier with high open-loop gain, internal 
compensation, 
high common mode range 
and exceptional 
temperature 
stability. The 
j.lA741 is short-circuit-protected 
and allows 
for nUlling of offset voltage. 


• Internal frequency compensation 


• Short circuit protection 


• Excellent temperature 
stability 


• High input voltage range 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
-55°C to +125°C 
flA741N 


8-Pin Plastic DIP 
o to +70°C 
j.lA741CN 


8-Pin Plastic DIP 
-40°C to +85°C 
SA741CN 


8-Pin Cerdip 
-55°C to + 125°C 
flA741F 


8-Pin Cerdip 
o to +70°C 
flA741CF 


8-Pin SO 
Oto+70°C 
flA741CD 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 


j.lA741C 
±18 
V 


j.lA741 
±22 
V 


PD 
Internal power dissipation 


D package 
780 
mW 


N package 
1170 
mW 


F package 
800 
mW 


V1N 
Differential input voltage 
±30 
V 


VIN 
Input voltage 1 
±15 
V 


Isc 
Output short-circuit duration 
Continuous 


TA 
Operating 
temperature 
range 


j.lA741C 
o to +70 
°C 


SA741C 
-40 to +85 
°C 


j.lA741 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


OFFSETNULL 
1 


INVERTING 
INPUT 
2 


NON- 


INVERTING 
3 


INPUT 


V- 
4 


NOTES: 
1. 
For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


DC ELECTRICAL CHARACTERISTICS 
(~741, 
~741C) 
TA = 25°C, Vs = ±15V, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
JlA741 
JlA741C 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Offset voltage 
Rs=10kQ 
1.0 
5.0 
2.0 
6.0 
mV 


Rs=1 OkQ, over temp. 
1.0 
6.0 
7.5 
mV 


tNos/!!.T 
10 
10 
JlV/oC 


los 
Offset current 
20 
200 
20 
200 
nA 


Over temp. 
300 
nA 


TA=+125°C 
7.0 
200 
nA 


TA=-55°C 
20 
500 
nA 


!!.Ios/!!.T 
200 
200 
pArc 


ISlAS 
Input bias current 
80 
500 
80 
500 
nA 


Over temp. 
800 
nA 


TA=+125°C 
30 
500 
nA 


TA=-55°C 
300 
1500 
nA 


!!.ls/!!.T 
1 
1 
nAloC 


RL=10kQ 
±12 
±14 
±12 
±14 
V 


VOUT 
Output voltage swing 


RL=2kQ, over temp. 
±10 
±13 
±10 
±13 
V 


RL=2kQ, Vo=±1 OV 
50 
200 
20 
200 
V/mV 


AVOL 
Large-signal 
voltage gain 
RL=2kQ, Vo=±10V, 


over temp. 
25 
15 
V/mV 


Offset voltage adjustment 
range 
±30 
±30 
mV 


Rs~10kQ 
10 
150 
JlVIV 


PSRR 
Supply voltage rejection ratio 


Rs~1OkQ, over temp. 
10 
150 
JlVIV 


70 
90 
dB 


CMRR 
Common-mode 
rejection ratio 


Over temp. 
70 
90 
dB 


1.4 
2.8 
1.4 
2.8 
mA 


Ice 
Supply current 
TA=+125°C 
1.5 
2.5 
mA 


TA=-55°C 
2.0 
3.3 
mA 


VIN 
Input voltage range 
(~741, 
over temp.) 
±12 
±13 
±12 
±13 
V 


RIN 
Input resistance 
0.3 
2.0 
0.3 
2.0 
MQ 


50 
85 
50 
85 
mW 


PD 
Power consumption 
TA=+125°C 
45 
75 
mW 


TA=-55°C 
45 
100 
mW 


ROUT 
Output resistance 
75 
75 
Q 


Ise 
Output short-circuit 
current 
10 
25 
60 
10 
25 
60 
mA 


DC ELECTRICAL 
CHARACTERISTICS 


(SA741 C)TA = 25°C, Vs = ±15V, unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SA741C 
UNIT 


Min 
Typ 
Max 


Vos 
Rs=10kn 
2.0 
6.0 
mV 


Offset voltage 
Rs=10kn, 
over temp. 
7.5 
mV 


/>Vos//>T 
10 
JlV/oC 


los 
20 
200 
nA 


Offset current 
Over temp. 
500 
nA 


/>Ios//>T 
200 
pAJoC 


IBIAS 
80 
500 
nA 


Input bias current 
Over temp. 
1500 
nA 


/>IB//>T 
1 
nAJOC 


RL=10kn 
±12 
±14 
V 


VOUT 
Output voltage swing 


RL=2kQ, over temp. 
±10 
±13 
V 


RL=2kQ, Vo=±10V 
20 
200 
V/mV 


AVOL 
Large-signal 
voltage gain 


RL=2kQ, Vo=±1 OV,over temp. 
15 
V/mV 


Offset voltage adjustment 
range 
±30 
mV 


PSRR 
Supply voltage rejection ratio 
Rs,,10kQ 
10 
150 
JlVN 


CMRR 
Common mode rejection ration 
70 
90 
dB 


V1N 
Input voltage range 
Over temp. 
±12 
±13 
V 


R1N 
Input resistance 
0.3 
2.0 
MQ 


Pd 
Power consumption 
50 
85 
mW 


ROUT 
Output resistance 
75 
Q 


Ise 
Output short-circuit current 
25 
mA 


AC ELECTRICAL 
CHARACTERISTICS 
TA=25°C, Vs = ±15V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
JlA741, JlA741C 
UNIT 


Min 
Typ 
Max 


RIN 
Parallel input resistance 
Open-loop, f=20Hz 
0.3 
MQ 


CIN 
Parallel input capacitance 
Open-loop, f=20Hz 
1.4 
pF 


Unity gain crossover frequency 
Open-loop 
1.0 
MHz 


Transient response unity gain 
VIN=20mV, RL=2kQ, CL,,100pF 


tR 
Rise time 
0.3 
Jls 


Overshoot 
5.0 
% 


SR 
Slew rate 
C,,100pF, RL~2kQ. V1N=+10V 
0.5 
V/JlS 
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DESCRIPTION 
The 747 is a pair of high-performance 
monolithic operational 
amplifiers constructed 


on a single silicon chip. High common-mode 
voltage range and absence of "latch-up" 
make the 747 ideal for use as a 
voltage-follower. 
The high gain and wide 


range of operating voltage provides superior 
performance 
in integrator, summing amplifier, 
and general feedback applications. 
The 747 
is short-circuit 
protected and requires no 


external components 
for frequency 
compensation. 
The internal 6dB/octave 
roll-olf insures stability in closed-loop 
applications. 
For single amplifier 


performance, 
see j.lA741 data sheet. 


• No frequency compensation 
required 


• Short-circuit 
protection 


• Offset voltage null capability 


• Large common-mode 
and differential 


voltage ranges 


• Low power consumption 


• No latch-up 


INV. INOPUT 
A 
1 
NON-- 


INVERTING 
2 


INPUT A 
OFFSET NULL A 
v- 
4 


OFFSET NULL B 
S 
NON-- 


INVERTING 
6 
INPUT B 


INVERTING 
7 
INPUT B 


ORDERING 
INFORMATION 


DESCRIPTION 


14-Pin Plastic DIP 
TEMPERATURE RANGE 


DOC to 7DoC 
ORDER CODE 


j.lA747CN 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 
±18 
V 


PDMAX 
Maximum power dissipation TA=25°C (still air)l 
1500 
mW 


V1N 
Differential input voltage 
±30 
V 


VIN 
Input voltage2 
±15 
V 


Voltage between offset null and V- 
±a.5 
V 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TA 
Operating temperature 
range 
o to +70 
°C 


TSOLD 
Lead temperature 
(soldering, 
10sec) 
300 
°C 


Isc 
Output short-circuit 
duration 
Indefinite 


NOTES: 
1. 
Derate above 25°C at the following rates: 
N package at 12mW/oC 
2. 
For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


DC ELECTRICAL 
CHARACTERISTICS 
TA=25°C, Vcc = ±15V unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
flA747C 
UNIT 


Min 
Typ 
Max 


Vas 
Offset voltage 
Rs,;;10kn 
2.0 
6.0 
mV 


Rs,;;1Okn, over temp. 
3.0 
7.5 
mV 


tNos/t!.T 
10 
flV/oC 


los 
Offset current 
20 
200 
nA 


TA=+125°C 
nA 


TA=-55°C 
nA 


Over temperature 
7.0 
300 
nA 


t!.los/t!.T 
200 
pAloC 


ISlAS 
Input current 
80 
500 
nA 


TA=+125°C 
nA 


TA=-55°C 
nA 


Over temperature 
30 
800 
nA 


t!.ls/t!.T 
1 
nAloC 


VOUT 
Output voltage swing 
RL;o,2kn,over temp. 
±10 
±13 
V 
RL;o,10kn, over temp. 
±12 
±14 
V 
1.7 
2.8 
mA 


Icc 
Supply current 
TA=+125°C 
mA 


each side 
TA=-55°C 
mA 


Over temperature 
2.0 
3.3 
mA 


50 
85 
mW 


Pd 
Power consumption 
TA=+125°C 
mW 


TA=-55°C 
mW 


Over temperature 
60 
100 
mW 


CIN 
Input capacitance 
1.4 
pF 


Offset voltage adjustment 
range 
+15 
mV 


ROUT 
Output resistance 
75 
Q 


Channel separation 
120 
dB 


PSRR 
Supply voltage rejection ratio 
Rs,;;1OkQ, over temp. 
30 
150 
flVIV 


AVOL 
Large-signal 
voltage gain (DC) 
RL;o,2kn.VouT=±10V 
25,000 
VIV 


Over temperature 
15,000 
VN 


CMRR 
Common-mode 
rejection ratio 
Rs,;;10kn, VcM=±12V 
70 
dB 
Over temperature 


AC ELECTRICAL CHARACTERISTICS 


TA=25°C, 
Vs = ±15V 
unless 
otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
flA747C 
UNIT 


Min 
Typ 
Max 


Transient 
response 
VIN=20mV, 
RL=2kQ, 
CL<100pF 


tR 
Rise 
time 
Unity 
gain 
CLS100pF 
0.3 
fls 


Overshoot 
Unity 
gain 
CLS100pF 
5.0 
% 


SR 
Slew 
rate 
RL>2kQ 
0.5 
V/flS 
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DESCRIPTION 
The MC 1458 is a high-performance 
operational 
amplifier with high open-loop 


gain, internal compensation, 
high 


common-mode 
range and exceptional 


temperature 
stability. 
The MC 1458 is 


short-circuit protected. 


The MC 1458/SA 1458/MC 1558 consists of a 
pair of 741 operational 
amplifiers on a single 
chip. 


• Internal frequency compensation 


• Short-circuit 
protection 


• Excellent temperature 
stability 


• High input voltage range 


• No latch-up 


• 1558/1458 are 2 "op amps" in space of one 


741 package 


OUTPUT 
A 
1 


INVERTING 
INPUT A 
2 


NON 
INVERTING 
3 
INPUT A 
v- 
4 


7 
OUTPUTB 


INVERTING 
INPUT B 


5 
NON 
INVERTING 
INPUT B 


DESCRIPTION 
TEMPERATURE RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70°C 
MC1458D 


8-Pin Plastic DIP 
o to +70°C 
MC1458N 


8-Pin Plastic SO 
-40°C to +85°C 
SA1458D 


8-Pin Plastic DIP 
-55°C to +125°C 
MC1558N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 


MC1458 
±18 
V 


SA1458 
±18 
V 


MC1558 
±22 
V 


TJ 
Junction temperature 
+150 
°C 


Po MAX 
Maximum power dissipation, 


TA=25°C (still-air)' 


N package 
1160 
mW 


D package 
780 
mW 


V01FF 
Differential input voltage 
±30 
V 


V,N 
Input voltage2 
±15 
V 


Output short-circuit duration 
Continuous 


TA 
Operating ambient temperature 
range 


MC1458 
o to +70 
°C 


SA1458 
-40 to +85 
°C 


MC1558 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TsoLD 
Lead soldering temperature 
(1Osee max) 
300 
°C 


NOTES: 
1. The following derating factors should be applied above 25°C 


N package at9.3mW/oC 
D package at6.2mW/oC 
2. 
For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


DC ELECTRICAL 
CHARACTERISTICS 
TA=25°C, Vs=±15V, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MC1558 
UNIT 


Min 
Typ 
Max 


Vos 
Offset voltage 
Rs~10kQ 
1.0 
5.0 
mV 


Rs=10kQ, over temperature 
6.0 
mV 


t>Vos 
Offset voltage 
Over temperature 
10 
JlV/oC 


los 
Offset current 
20 
200 
nA 


Over temperature 
500 
nA 


t>los 
Offset current 
Over temperature 
0.10 
nAloC 


ISlAS 
Input bias current 
80 
500 
nA 


Over temperature 
1500 
nA 


t>ISIAS 
Bias current 
Over temperature 
1.0 
nAloC 


VOUT 
Output voltage swing 
RL=10kQ, over temperature 
±12 
±14 
V 


RL=2kQ, over temperature 
±10 
±13 
V 


AVOL 
Large-signal 
voltage gain 
RL=2kQ,Vo=±10V 
50 
100 
V/mV 


RL=2kQ, Vo=± temperature 
20 
Vim V 


Offset voltage adjustment 
range 
±30 
mV 


PSRR 
Power supply rejection ratio 
Rs~10kQ 
30 
150 
JlVN 


CMRR 
Common mode rejection ratio 
70 
90 
dB 


lee 
Supply current 
2.3 
5.0 
mA 


V,N 
Input voltage range 
±12 
±13 
V 


Po 
Power consumption 
70 
150 
mW 


Channel separation 
120 
dB 


ROUT 
Output resistance 
75 
Q 


Ise 
Output short-circuit 
current 
10 
25 
60 
mA 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


TA=25°C Vcc=±15V, 
unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MC1458 
SA1458 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Offset voltage 
Rs=10kQ 
2.0 
6.0 
2.0 
6.0 
mV 


Rs=1 OkQ, over temp. 
7.5 
7.5 
mV 


tNos 
Offset voltage 
Over temperature 
12 
12 
flVloC 


los 
Offset current 
20 
200 
20 
200 
nA 


Over temperature 
300 
500 
nA 


~Ios 
Offset current 
Over temperature 
0.10 
0.10 
nN°C 


ISlAS 
Input bias current 
80 
500 
80 
500 
nA 


Over temperature 
800 
1500 
nA 


~IS1AS 
Bias current 
Over temperature 
1.0 
1.0 
nN°C 


Your 
Output voltage swing 
Rl=10kQ, 
over temp. 
±12 
±14 
±12 
±14 
V 


Rl =2kQ, over temp. 
±10 
+13 
±10 
±13 
V 


Rl=2kn, 
Vo=±10V 
25 
200 
20 
200 
V/mV 


AVOl 
Large-signal 
voltage gain 
Rl=2kQ, Vo=±10V, 


Over temperature 
15 
15 
V/mV 


Offset voltage adjustment 
range 
±30 
±30 
mV 


PSRR 
Power supply rejection ratio 
Rs,,10kil 
30 
150 
30 
150 
flVN 


CMRR 
Common-mode 
rejection ratio 
70 
90 
70 
90 
dB 


Icc 
Supply current 
2.3 
5.6 
2.3 
5.6 
mA 


V1N 
Input voltage range 
±12 
±13 
±12 
±13 
V 


R1N 
Input resistance 
0.3 
1 
0.3 
1 
Mil 


Po 
Power consumption 
70 
170 
70 
170 
mW 


Channel separation 
120 
120 
dB 


Isc 
Output short-circuit 
current 
25 
25 
mA 


AC ELECTRICAL 
CHARACTERISTICS 
TA=25°C Vs=±15V, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MC1458,SA1458, 
UNIT 
MC1558 


Min 
Typ 
Max 


RIN 
Parallel input resistance 
Open-loop, f=20Hz 
0.3 
Mil 


Common-mode 
input impedance 
f=20Hz 
200 
Mil 


Equivalent input noise voltage 
Av=100, Rs=10kil, 
BW=1.0kHz, 
f=1.0kHz 
30 
nV/fHZ 


BW 
Power bandwidth 
Av-1, 
Rl-2.0kn, 
THD,,5%, Vour=20Vp.p 
14 
kHz 


Phase margin 
65 
degrees 


Av 
Gain margin 
11 
dB 


Unity gain crossover frequency 
Open loop 
1.0 
MHz 


Transient response unity gain 
V1N=20mV, Rl=2kil, 
Cl,,100pF 


tR 
Rise time 
0.3 
fls 
Overshoot 
5.0 
% 


SR 
Slew rate 
Cl<100pF, 
Re2kil, 
VIN=+10V 
0.8 
V/fls 
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DESCRIPTION 
The 4558 is a dual operational 
amplifier that 
is internally compensated. 
Excellent channel 


separation allows the use of a dual device in 
a single amp application, 
providing the 
highest packaging density. The 
NE/SA/SE4558 
is a pin-far-pin replacement 


for the RC/RM/RV4558. 


• 2MHz unity gain bandwidth guaranteed 
D, FE, N Packages 


• Supply voltage ±22V for SE4558 and ±18V 


for NE4558 


• Short-circuit 
protection 


• No frequency compensation 
required 


• No latch-up 


• Large common-mode 
and differential 


voltage ranges 


• Low power consumption 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70'C 
NE4558D 


8-Pin Plastic DIP 
o to +70'C 
NE4558N 


8-Pin Plastic DIP 
-40 to +85'C 
SA4558N 


8-Pin Plastic DIP 
-55 to +125°C 
SE4558N 


8-Pin Ceramic DIP 
-55 to +125'C 
SE4558FE 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 


SE4558 
±22 
V 


NE4558, SA4558 
±18 
V 


PDMAX 
Maximum power dissipation, 


TA=25°C (Still air)1 


FE package 
780 
mW 


N package 
1160 
mW 


D package 
780 
mW 


Differential input voltage 
±30 
V 


VIN 
Input voltage2 
±15 
V 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TA 
Operating 
ambient temperature 
range 


SE4558 
-55 to +125 
°C 


SA4558 
-40 to +85 
°C 


NE4558 
o to +70 
°C 


TsoLD 
Lead soldering temperature 
(1Osec max) 
300 
°C 


Output short-circuit 
duration3 
Indefinite 


NOTES: 
1. 
Derate above 25°C at the following rates: 


FE package at6.2mWI"C 
N package at9.3mW/oC 
D package at6.2mW/oC 


2. 
For supply voltages less than ±15V, the absolute maximum input voitage is equal to the supply voltage. 
3. 
Short-circuit 
may be to ground on one amp only. Rating applies to +125°C case temperature 
or +75°C ambient temperature 
for NE4558 and 
to +B5°C ambient temperature 
for SA455B. 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=+ 15V, TA= 25°C unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE4558 
SAlNE4558 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input offset voltage 
Rs,>10kQ 
1.0 
5.0 
2.0 
6.0 
mV 


!Nos/!'!.T 
Over temp. 
4 
4 
!lV/oC 


los 
Input offset current 
50 
200 
30 
200 
nA 


!'!.Ios/!'!.T 
Over temp. 
20 
20 
pArC 


ISlAS 
Input bias current 
40 
500 
200 
500 
nA 


!'!.lsf!'!.T 
Over temp. 
40 
40 
pAloC 


RIN 
Input resistance 
0.3 
1.0 
0.3 
1.0 
MQ 


Av 
Large-signal 
voltage gain 
RL,,2kQ 
50,00 
300,0 
20,00 
300,0 
VN 


VouT=±10V 
0 
00 
0 
00 


Output voltage swing 
RL,,10kQ 
±12 
±14 
±12 
±14 
V 


RL,,2kQ 
±10 
±13 
±10 
±13 
V 


V1N 
Input voltage range 
±12 
±13 
±12 
±13 
V 


CMRR 
<BO>Common-mode 
rejection ratio 
Rs,>10kQ 
70 
100 
70 
100 
dB 


PSRR 
Power supply rejection ratio 
Rs,>10kQ 
10 
150 
10 
150 
!lVIV 


Isc 
Short-circuit 
current 
5 
25 
60 
5 
25 
60 
mA 


Power consumption 
(all amplifiers) 
RL=oo 
120 
170 
120 
170 
mW 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE4558 
SAlNE4558 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Transient response (unity gain) 
VIN=20mV 


RL=2kQ 
CL~100pF 


tR 
Rise time 
100 
100 
ns 


Overshoot 
15.0 
15.0 
% 


SR 
Slew rate (unity gain) 
RL,,2kQ 
1.0 
1.0 
VlflS 


Channel separation 
(gain=100) 
f=10kHz 
90 
90 
dB 
Rs=1kQ 


GBW 
Unity gain bandwidth 
(gain=l) 
2.0 
3.0 
2.0 
3.0 
MHz 


eM 
Phase margin 
45 
45 
De- 
gree 


VNOISE 
Input noise voltage 
f=lkQ 
25 
25 
nV/..J 
11z 


NOTE: The following specifications 
apply over operating temperature 
range. 


Vas 
Input offset voltage 
Rs~10kQ 
6.0 
7.5 
mV 


105 
Input offset current 
500 
300/500' 
nA 


ISlAS 
Input bias current 
1500 
800/1500' 
nA 


Av 
Large-signal 
voltage gain 
RL,,2kQ 
25,00 
15,00 
VN 
VouT=±10V 
0 
0 


Output voltage swi ng 
RL,,2kQ 
±10 
±10 
V 


Pc 
Power consumption 
TA=HIGH 
105 
150 
115 
150 
mW 
TA=LOW 
125 
200 
120 
200 
mW 


NOTES: 
1. SA4558 only. 


Input 
Bias 
as a 
Input 
Offset 
Current 
as 
Common-Mode 
Range 
as 


Funtion 
of Ambient 
as a Funtion 
of Ambient 
a Funtlon 
of Supply 


Temperature 
Temperature 
Voltage 


100 
25 
-15 
~, ,~: 
- 
f-- 
VS=±15V 
~ 
f--- 
Vs = ± 15V 
T 
= 25°C 
k 
< 
'I, 
•••• 


~ 
80 
20 
-10 
~: ' ' >,~> 


.... ~" 
'- 
' 
1: 
:> 
A 
I~I,:\ 
'~'\, '....> 
z 
~ 
w- 
-5 
w 
a 
OW 


" \," <:~I::>:::: ,:::~"'::"',:~:',',:~<~:' 
t::~"":: 


a: 
60 
15 
0" 
a: 
":1 
" ' 
::> 
0 
° 
•.... 


~ 
za: 
t:>"':~,:',::::> :::<::::' 
:::::...::: ",:::::< 
::...:::::' :::::<:: 
<Jl 
40 
10 
Ow 
< 
"" 
a; 
... - 


"< 
5 
..••.. 


~, 
::::'",::: <::;'",: :'",::::', ::::'",::: 


::> 
o~ 
... 
20 
0. 
5 
°0 
::> 
:;: 
10 
0. 
> 
~ 
I""::::,, ,:::<::' 
:;: 


1,+, 


0 
0 
15 
0 
10 
20 
30 
40 
50 
60 
70 
0 
10 
20 
30 
40 
50 
60 
70 
4 
6 
8 
10 
12 
14 
16 
18 


TEMPERATURE ('C) 
TEMPERATURE ('C) 
SUPPLY VOLTAGE (V) 


OP'2430S 
OPIM4011 
OPU·HOS 


Open-Loop 
Voltage 
Gain 
Open-Loop 
Gain 
as a 
Power 
Consumption 
as 
as a Funtion 
of 
Funtion 
of 
a Funtion 
of Ambient 
Frequency 
Temperature 
Temperature 


120 
800K 
140 
- 
:> 


co 
100 
~ 
VS=:t15V 
.s. 
130 
~ 
600K f- RL =2Kn 
z 


80 
0 - 


z 
z 
>= 
120 
'< 
'" 


'< 
0. 


" 
60 
" 
" 
w 
w 
400K 
::> 
110 
" 
" 


<Jl 
< 
40 
< 
to- 
z 
~ 
~ 
0 
100 
° 
0 
20 
0 
a: 
> 
> 
200K 
w 
0 
:= 
90 
0 
-20 


0. 


OK 
80 


1 
10 100 
lK 
10K l00K1K 
10M 
0 
10 
20 
30 
40 
so 
60 
70 
0 
10 
20 
30 
40 
so 
60 
70 


FREQUENCY (Hz) 
TEMPERATURE ('C) 
TEMPERATURE ('C) 


OP1248C1S 
09124101 
0912"". 


Typical 
Output 
Voltage 
Output 
Voltage 
SwIng 
Output 
Voltage 
Swing 
as a Funtion 
of 
as a Funtion 
of 
as 
a Funtion 
of 
Supply 
Voltage 
Load 
ResIstance) 
Frequency 


15 


~:"::::<::: 


28 
40 
TA=25'C 
~ 
26 
J,. 


~ 
36 
~ 10 


,:::<::: 
I,:::::,...: 
::::<:: 


24 
~ 
:"',::::', 
~ 
/ 
~ 
32 
" 
AI' 
"" 
22 
"" 
z 
5 


,::::'",: :"',:::> 


« " 
I 
< " 
28 


§ 
",,""::::' 
:::'<::' "::::',,,:: ,<::> ::'<:: 


w z 
20 
w z 


'" 
'" 


0. § 
TA=25°C 
_ 
0. § 
24 


<Jl 
0 
0 
18 
g 
... 
~::::':::::<::<:::> 
:::...::::: 
:::'<:: <:::> :<:::' 


... 
<Jl 
<Jl 
20 
::> 


"" ~ 16 
VS~±I'~~ 
_ 
"" 
... 
VS=.:t.15V 
0. 
I"", 
" 
< 
< ::> 
16 
... -5 
0. 
0. 


TA = 25°C 
::> 
"'"', 


~, 
::",,::::: ,::::'",::: <:::'", :::<:::: 


w ... 
14 
w ... 
12 
0 
0. 
::> 
0. 
::> 
-10 
0 
12 
I 
II 


0 
8 
RL = 25Kn 


RL = 2Kn 
:...:: 


"::"",, ~":::: 
10 
II 
4 Ji8±Itt I 
-15 
6 
0 
4 
6 
8 
10 
12 
14 
16 
18 
0.1 
0,2 
0,5 
1.0 2.0 
5.0 
10 
100 
lK 
10K 
lOOK 
1M 


SUPPLY VOLTAGE IV) 
LOAD RESISTANCE (Kn)) 
FREQUENCY (Hz) 


OPU.to9 
OP12S00$ 
OP12510S 


Quiescent 
Current 
as a 
Funtion 
of 
Supply 
Voltage 
Transient 
Response 


I 
I 
28 
10 
;;- 
24 
8 
55 
_ 
TA:25OC 
w 
6 
•... 
>20 
t:l 
z 
;! 
4 
w 
.s 16 
a: 
-' 
2 
a: 
I 
•... 
0 


::> 
::> 12 
> 
0 
" 


0- 
•... 
•... 
•... 
::> -2 
z 
::> 
0- 


w 
0 
•... -4 
" 


::> 
'" 
0 
-6 


~ 
1 


0 
-8 


0 
1.25 
-10 


0 
3 
6 
9 
12 
15 
18 
SUPPLYVOLTAGE(V) 
TIME(~S) 


Voltag~ollower 
Large-Signal 
Pulse 


Response 


VS=±15V 
TA=25°C 


I- 


o 
5 
10 
20 
30 
40 


TIME(~S) 


Input Noise Voltage 
as a Funtion 
of Frequency 
Input Noise Current 
as a Funtion 
of Frequency 


...3000 
:i! 
-,. 
>oS 
•...100 
ffia:a: 
::>" 
w 
10 


'"15z 


i 
oo 
i 
•... 10 
Z 
Wa:a: 
::>" 
w 
1 
'"~ 


Total HarmonIc 
Distortion 
vs 
Output 
Voltage 
140 
co 
~ 
120 
z 
~ 
100 
« 
~ 
80 


~ 
60 
-'¥i 
40 
z 


~ 
20 
" 


I 
I 


VS=.:I: 
15V 
RL= 2Kn 
Av·4OdS 
-1kHz 


Rs·1Kn 


J 


100 
lK 
10K 


FREOUENCY 
(Hz) 


3 
4 
5 
8 
9 
Vo OUTPUTVOLTAGE(VRMS) 


100 
lK 
10K 


FREOUENCY 
(Hz) 


Philips Semlconductors-Slgnetics 
Linear Products 


DESCRIPTION 
The 531 is a fast slewing high performance 
operational 
amplifier which retains DC 


performance 
equal to the best general 


purpose types while providing far superior 
large-signal AC performance. 
A unique input 


stage design allows the amplifier to have a 
large-signal 
response nearly identical to its 


small-signal 
response. The amplifier is 
compensated 
for truly negligible overshoot 


with a single capacitor. 
In applications 
where 


fast seWing and superior large-signal 
bandwidths 
are required, the amplifier 


out-performs 
conventional 
designs which 
have much beller small-signal 
response. 
Also, because the small-signal 
response is 
not extended, no special precautions 
need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensation, 
and excellent stability of this amplifier allow 
its use in a wide variety of instrumentation 
applications. 


FEATURES 


• 35V/~s slew rate at unity gain 


• Pin-for-pin replacement 
for ~709, 
~748, 
orLM101 


• Compensated 
with a single capacitor 


• Same low drift offset null circuitry as ~741 


OFFSET NULL 
1 
INVERtTNG 
INPUT 
NO~NVERITNG 
INPUT 
v- 


6 
OUTPUT 


5 
OFFSET 


• Small-signal 
bandwidth 
1MHz 


• Large-signal 
bandwidth 500kHz 


• True op amp DC characteristics 
make the 
531 the ideal answer to all slew rate limited 
operational 
amplifier applications 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
NE531N 


8-Pin Ceramic DIP 
-55°C to + 125°C 
SE531FE 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 
±22 
V 


PDMAX 
Maximum power dissipation 


TA=25°C (still-air)' 


FE package 
780 
mW 


N package 
1160 
mW 


H package 
830 
mW 


Differential input voltage 
±15 
V 


VCM 
Common-mode 
input voltage2 
±15 
V 


Voltage between offset null and V- 
±D.5 
V 


TA 
Operating 
ambient temperature 
range 


NE531 
o to +70 
°C 


SE531 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSDLD 
Lead soldering temperature 
(1Osee max) 
300 
°C 


Output short-circuit 
duration3 
indefinite 


NOTES: 
1. The following derating factors should be appiied above 25°C: 


FE package at6.2mW/oC 
N package at9.3mW/oC 
2. 
For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
3. 
Short-circuit 
may be to ground or either supply. Rating applies to +125°C case temperature 
or to +75°C ambient temperature. 


OFFSET 
ADJUST 


4 
V 


6 


OFFSET ADJUST 
FREQUENCT 
COMPENSATION 


DC ELECTRICAL CHARACTERISTICS 
Vs=±15V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE531 
NE531 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Offset voltage 
RsS10kQ, TA=25°C 
2.0 
5.0 
2.0 
6.0 
mV 


Rs310kQ, over temp 
6.0 
7.5 
mV 


!!.Vos 
Over temp 
10 
10 
JlV/oC 


TA=25°C 
30 
200 
50 
200 
nA 


los 
Offset current 
T~.=High 
200 
200 
nA 


TA=Low 
500 
300 
nA 


!!.Ios 
Over temp 
0.4 
0.4 
nAloC 


T=25°C 
300 
500 
400 
1500 
nA 


ISlAs 
Input bias current 
TA=High 
500 
1500 
nA 


TA=Low 
1500 
2000 
nA 


!!.lslAs 
Over temp 
2 
2 
nAloC 


VCM 
80Common-mode 
voltage range 
TA=25°C 
±10 
±10 
V 


CMRR 
<80>Common-mode 
rejection ra- 
TA=25°C, RsS10kQ 
70 
100 
dB 
tio 


Over temp RsS10kQ 
70 
90 
dB 


RIN 
Input resistance 
TA=25°C 
20 
20 
Mn 


VOUT 
Output voltage swing 
RL",10kQ, over temp 
±10 
±13 
±10 
±13 
V 


lee 
Supply current 
TA=25°C 
7.0 
10 
mA 


TMAX 
7.0 
10 
mA 


PD 
Power consumption 
TA=25°C 
210 
300 
mW 


RsS10kn, TA=25°C 
10 
150 
JlVN 


PSRR 
Power supply rejection ratio 


RsS10kQ, over temp 
10 
150 
JlVN 


ROUT 
Output resistance 
TA=25°C 
75 
75 
n 


TA=25°C, 
50 
100 
20 
60 
V/mV 
RL"'10kn, 
VouT=±10V 


AVOL 
Large-signal 
voltage gain 
RL",10kQ, VouT=±10V, 
25 
15 
V/mV 
over temp 


VINN 
Input noise voltage 
25°C f=1kHz 
20 
20 
nV/"Hz 
Ise 
Short-circuit 
current 
25°C 
5 
15 
45 
5 
15 
45 
mA 


AC ELECTRICAL CHARACTERISTICS 
TA=25°C Vs=+15V, unless otherwise specified.1 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE531 
SE531 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


BW 
Full power bandwidth 
500 
500 
kHz 


ts 
Settling time (1%) 
Av=+1, VIN=±10V 
1.5 
1.5 
Jls 
(0.1%) 
2.5 
2.5 
Jls 
Large-signal 
overshoot 
Av=+1, VIN=±10V 
2 
2 
% 


Small-signal 
overshoot 
Av=+ 1, VIN=400mV 
5 
5 
% 


tR 
Small-signal 
rise time 
Av-+1, 
VIN-400mV 
300 
300 
ns 
SR 
Slew rate 
Av=100 
35 
35 
V/Jls 


Av=10 
35 
35 
V/Jls 


Av=1 (non-inverting) 
30 
20 
30 
V/Jls 


Av=1 (inverting) 
35 
25 
35 
V/Jls 


NOTES: 
1. All AC testing is performed in the transient response test circuit. 
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CYCLIC 
A-TO-D 
CONVERTER 


One interesting, 
but much ignored, AID 
converter is the cyclic converter. This 
consists of a chain of identical stages, each 
of which senses the polarity of the input. The 
stage then subtracts 
VREF from the input and 
doubles the remainder 
if the polarity was 
correct. In Figure 1, the signal is full-wave 
rectified and the remainder of VIWVREF 
is 
doubled. A chain of these stages gives the 
gray code equivalent 
of the input voltage in 
digitized form related to the magnitude of 


VREF. Possessing 
high potential accuracy, the 
circuit using NE531 devices settles in 5f!s. 


TRIANGLE 
AND SQUARE 
WAVE 


GENERATOR 
The circuit in Figure 2 will generate precision 
triangle and square waves. The output 
amplitude of the square wave is set by the 
output swing of op amp A-1 , and R1/R2 sets 
the triangle amplitude. The frequency of 
oscillation in either case is: 


The square wave will maintain 50% duty 
cycle even if the amplitude of the oscillation is 
not symmetrical. 


The use of the NE531 in this circuit will allow 
good square waves to be generated 
to quite 


high frequencies. 
Since the amplifier A 1 runs 


open-loop, there is no need for 
compensation. 
The triangle-generating 
amplifier must be compensated. 
The NE5535 


device can be used as well, except for the 
lower frequency 
response. 


_____L~~:._ 


VIN 


DESCRIPTION 
The 5512 series of high-performance 
operational 
amplifiers 
provides very good 
input characteristics. 
These amplifiers feature 
low input bias and voltage characteristics 
such as a 10B op amp with improved CMRR 
and a high differential 
input voltage limit 
achieved through the use of a bias 
cancellation 
and PNP input circuits with 


collector-to-emitter 
clamping. The output 


characteristics 
are like those of a 741 op amp 


with improved slew rate and drive capability, 
yet have low supply quiescent current. 


• AC amplifiers 


• RC active filters 


• Transducer amplifiers 


• DC gain block 


• Battery operation 


• Instrumentation 
amplifiers 


• Low input bias < ±20nA 


• Low input offset current < ±20nA 


• Low input offset voltage <1mV 


• Low vas temperature 
drift 511V/oC 


• Low input bias temperature 
drift 40pAloC 


• Low input voltage noise 30nV/.JHz 


• Low supply current 1.5mAlamp 


• High slew rate 1.0VlllS 


• High CMRR 100dB 


• High input impedance 
100Mn 


• High PSRR 110dB 


• High differential input voltage limit 


• No crossover distortion 


• Indefinite output short circuit protection 


• Internally-compensated 
for unity gain 


• 600n drive capability 


• MIL-STD processing available 


OUTPUT' 
~8 
v. 
4NPUT , 
2 
- 
7 
OUTPUT2 


.INPUT, 
3 
- 
6 
-INPUT2 


V- 
4 
5 
.INPUT 2 


NOTE: 
1. The D package pinout is not functionally identical 
to the FE or N pinout. 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


B-Pin Plastic SO 
o to 70°C 
NE5512D 


B-Pin Plastic DIP 
o to 70°C 
NE5512N 


B-Pin Plastic SO 
-40 to +B5°C 
SA5512D 


B-Pin Plastic DIP 
-40 to +B5°C 
SA5512N 


B-Pin Plastic DIP 
-55 to + 125°C 
SE5512N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
±16 
V 


Po MAX 
Maximum power dissipation, 


TA=25°C 
(still air)l 


FE package 
B50 
mW 


N package 
1212 
mW 


D package 
BOO 
mW 


TA 
Operating ambient temperature 
range 


NE5512 
o to +70 
°C 


SA5512 
-40 to +B5 
°C 


SE5512 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. The following derating factors should be applied above 25°C 
N package at 9.7mW/oC 
o package at 6.4mW/oC 


ELECTRICAL 
PERFORMANCE 
CHARACTERISTICS 


Vcc = ±15V, TA= 25°C over temperature 
range, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5512 
NElSA5512 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Rs=100Q 


Vos 
Input offset voltage 
TA=+25°C 
0.7 
2 
1 
5 
mV 


Over temp. 
1 
3 
1.5 
6 


tNoslt>T 
4 
5 
IlVioC 


Rs=100kQ 


los 
Input offset current 
TA=+25°C 
3 
10 
6 
20 
nA 
Over temp. 
4 
20 
8 
30 


t>loslt>T 
30 
40 
pArc 


Rs=100kQ 


ISlAS 
Input bias current 
TA=+25°C 
3 
10 
6 
20 
nA 
Over temp. 
4 
20 
8 
30 


t>ISIAslt>T 
30 
40 
pN°C 


R1N 
Input resistance differential 
TA=+25°C 
100 
100 
MQ 


VCM 
Input common mode range 
TA=+25°C 
±13.5 
±13.7 
±13.5 
±13.7 
V 
Over temp. 
±13 
±13.2 
±13 
±13.2 


CMRR 
Input common-mode 
rejection 
Vcc=±15V 
ratio 
V1N=±13.5V 


TA=+25°C 
70 
100 
70 
100 
dB 


V1N=±13V 
Over temp. 


Av 
Large-signal 
voltage gain 
RL=2kQ TA=25°C 
50 
200 
50 
200 
V/mV 
Vo=±10V 
over temp. 
25 
25 


SR 
Slew rate 
TA=25°C 
0.6 
1 
1 
V/IlS 


GBW 
Small-signal 
unity gain 
TA=25°C 
3 
3 
MHz 
bandwidth 


8M 
Phase margin 
TA=25°C 
45 
45 
degree 


RL=2kQ 


VOUT 
Output voltage swing 
TA=25°C 
±13 
±13.5 
±13 
±13.5 
V 


Over temp. 
±12.5 
+13 
+12.5 
+13 


RL=600Q1 


VOUT 
Output voltage swing 
TA=25°C 
±10 
±11.5 
±10 
±11.5 
V 


Over temp. 
±7.5 
±9 
±8 
±9 


RL=Open 
Icc 
Power supply current 
TA=25°C 
3.4 
5 
3.4 
5 
mA 
Over temp. 
3.6 
5.5 
3.6 
5.5 


PSRR 
Power supply rejection ratio 
Over temp. 
80 
100 
80 
100 
dB 


AA 
Amplifier-to-amplifier 
coupling 
1-1 kHz to 20kHz, 
dB 
TA=25°C 
-120 
-120 


1=10kHz 
THO 
Total harmonic distortion 
TA=25°C 
0.01 
0.01 
% 


VO=7VRMS 


VNOISE 
Input noise voltage 
f=1kHz 
30 
nV/vHz 
TA=25°C 
30 


INOISE 
Input noise current 
I-1kHz 
pAlvHz 
TA=25°C 
0.2 
0.2 


Isc 
Short-circuit 
current 
±15V, TA=25°C 
40 
40 
mA 


DESCRIPTION 
The NElSE5514 
family of quad operational 
amplifiers sets new standards in bipolar quad 
amplifier performance. 
The amplifiers feature 
low input bias current and low offset voltages. 
Pinout is identical to LM324/LM348 
which 


facilitates direct product substitution 
for 
improved system performance 
in dual supply 


applications. 
Output characteristics 
are 


similar to a j.lA741 with improved slew and 
drive capability. 


FEATURES 


• Low input bias current: < ±3nA 


• Low input offset current: < ±3nA 


• Low input offset voltage:<l 
mV 


• Low supply current: l.5mAlA 


• lV/lJS slew rate 


• High input impedance: 
100Mn 


• High common-mode 
impedance: 
10Gn 


• Internal compensation 
for unity gain 


• Goon drive capability (7VRMS) 


APPLICATIONS 


• AC amplifiers 


• RC active filters 


• Transducer amplifiers 


• DC gain block 


• Instrumentation 
amplifier 


OUTPUT1 
OUTPUT1 


-INPUT 1 
-INPUT 1 


.INPUT 1 
.INPUT 1 


.INPUT 2 
.INPUT 2 


-INPUT 2 


OUTPUT2 


OUTPUT1 


-INPUT 1 


.INPUT 1 


NC 


.INPUT2 


-INPUT 2 


OUTPUT2 


NC 


.INPUT2 


-INPUT 2 


OUTPUT2 


NOTE: 
,. 
SOL - Released In 16-1ead large SO package 
only. Pinout Is differenllhan 
N package. 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


lG-Pin Plastic SOL package 
o to +70°C 
NE5514D 


14-Pin Plastic DIP 
Oto +70°C 
NE5514N 


14-Pin Plastic DIP 
-55 to +125°C 
SE5514N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
±16 
V 


VDIFF 
Differential input voltage 
32 
V 


V1N 
Input voltage 
o to 32 
V 


Output short to ground 
Continuous 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


TA 
Operating ambient temperature 
range 


NE5514 
o to 70 
°C 


SE5514 
-55 to +125 
°C 


PMAX 
Maximum power disspation 


TA=25°C (still-air) 1 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1250 
mW 


NOTES: 
1. The following derating factors should be applied above 25°C 


N package at 11.4mWI"C 
D package at 10.0mW/oC 


ELECTRICAL CHARACTERISTICS 
vcc = ±15V, T A = 25°C unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5514 
NE5514 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vas 
Input offset voltage 
Rs=100Q, TA=+25°C 
0.7 
2 
1 
5 
mV 
Over temp. 
1 
3 
1.5 
6 


t!.Vos 
Over temp. 
4 
5 
/lV/oC 


los 
Input offset current 
Rs=100~, 
TA=+25°C 
3 
10 
6 
20 
nA 
Over temp. 
4 
20 
8 
30 


610s 
Over temp. 
30 
40 
pArC 


ISlAS 
Input bias current 
Rs=100~, 
TA=+25°C 
3 
10 
6 
20 
nA 
Over temp. 
4 
20 
8 
30 


61sIAS 
Over temp. 
30 
40 
pArC 


RIN 
Input resistance differential 
TA=25°C 
100 
100 
MQ 


VCM 
Input common mode range 
TA=25°C 
±13.5 
±13.7 
±13.5 
±13.7 
V 
Over temp. 
±13 
±13.2 
±13 
±13.2 


Vcc=±15V, 


CMRR 
Input common-mode 
rejection 
V1N=±13.5V@ TA=25°C 
70 
100 
70 
100 
dB 
ratio 


VIN=±13V @ Over temp. 


Av 
Large-signal 
voltage gain 
RL=2~, 
TA=25°C 
50 
200 
50 
200 
V/mV 
Va = ±10V, Over temp. 
25 
25 


SR 
Slew rate 
TA=25°C 
0.6 
1 
0.6 
1 
V//lS 


GBW 
Small-signal 
unity gain 
TA=25°C 
3 
3 
MHz 
bandwidth 


eM 
Phase margin 
TA=25°C 
45 
45 
Degr 


VOUT 
Output voltage swing 
RL=2kQ, TA=25°C 
±13 
±13.5 
±13 
±13.5 
V 
Over temp. 
±12.5 
±13 
±12.5 
±13 


VOUT 
Output voltage swing 
RL=600Ql, TA=25°C 
±10 
±11.5 
±10 
±11.5 
V 
Over temp. 
±7.5 
±9 
±8 
±9 


Icc 
Power supply current 
RL=Open, TA=25°C 
6 
10 
6 
10 
mA 
Over temp. 
7 
12 
7 
12 


PSRR 
Power supply rejection ratio 
±5V:s Vcc:s ±15V 
80 
110 
80 
110 
dB 
Over temp. 


AA 
Amplifier to amplifier coupling 
f=lkHz 
to 20kHz, TA=25°C 
-120 
-120 
dB 


THD 
Total harmonic distortion 
f=10kHz, TA=25°C 
0.01 
0.01 
% 
VO=7VRMS 


VNOISE 
Input noise voltage 
f=lkHz, 
TA=25°C 
30 
30 
nVl"lHz 


Isc 
Short-circuit 
current 
TA=25°C 
10 
40 
60 
10 
40 
60 
mA 


NOTES: 
1. 
Not to exceed maximum power dissipation. 


Internally-compensated 
dual low noise 


operational amplifier 


DESCRIPTION 
The 5532 is a dual high-performance 
low 


noise operational 
amplifier. Compared 
to 


most of the standard operational 
amplifiers, 
such as the 1458, it shows belter noise 
performance, 
improved output drive capability 
and considerably 
higher small-signal 
and 


power bandwidths. 


This makes the device especially 
suitable for 


application in high-quality 
and professional 


audio equipment, 
instrumentation 
and control 


circuits, and telephone channel amplifiers. 
The op amp is internally compensated 
for 


gains equal to one. If very low noise is of 
prime importance, 
it is recommended 
that the 
5532A version be used because it has 
guaranteed 
noise voltage specifications. 


FEATURES 


• Small-signal 
bandwidth: 
10MHz 


• Output drive capability: 600n, 
10VRMS 


• Input noise voltage: 
5nV/1"Hz 
(typical) 


• DC voltage gain: 50000 


• AC voltage gain: 2200 at 10kHz 


• Power bandwidth: 
140kHz 


• Slew rate: 9V1lls 


• Large supply voltage range: ±3to 
±20V 


• Compensated 
for unity gain 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to 70°C 
NE5532N 


8-Pin Ceramic DIP 
o to 70°C 
NE5532FE 


8-Pin Plastic DIP 
o to 70°C 
NE5532AN 


8-Pin Ceramic DIP 
o to 70°C 
NE5532AF 


8-Pin Ceramic DIP 
-55°C to +125°C 
SE5532FE 


8-Pin Ceramic DIP 
-55°C to + 125°C 
SE5532AF 


16-Pin Plastic SOL 
o to 70°C 
NE5532D 


OUTPUT 
A 
1 


INVERTING 
INPUTA 


NON<NVERTING 
INPUT 
A 


V- 
4 


7 
OUTPUT 
B 


INVERTING 
INPUT 
B 


NON-INVERTING 
INPUT 
B 


NC 


NC 


NC 


DUTA 


+vcc 


11 
OUTB 


NC 


Internally-compensated 
dual low noise operational 
amplifier 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 
±22 
V 


V1N 
Input voltage 
±VSUPPLY 
V 


VOIFF 
Differential input voltage 1 
±0.5 
V 


TA 
Operating 
temperature 
range 


NE55321A 
o to 70 
°C 


SE5532/A 
-55 to +125 
°C 


TSTG 
Storage temperature 
-65 to +150 
°C 


TJ 
Junction temperature 
150 
°C 


Po 
Maximum power dissipation, 


TA=25°C (still-air)2 


N package 
1200 
mW 


F package 
1000 
mW 


D package 
1200 
mW 


TsoLo 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Diodes protect the inputs against over-voltage. 
Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential 
input voltage exceeds 0.6V. Maximum current should be limited to ±10mA. 


2. 
Thermal resistances 
of the above packages are as follows: 


N package at 100°C/W 
F package at 135°CIW 
D package at105°C/W 


Internally-compensated 
dual low noise operational 


amplifier 


DC ELECTRICAL CHARACTERISTICS 
TA=25°C Vs=±15V, unless otherwise 
specified. 
1,2,3 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5532/5532A 
NE5532/5532A 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Offset voltage 
0.5 
2 
0.5 
4 
mV 


Over temperature 
3 
5 
mV 


tNos/fiT 
5 
5 
llV/oC 


los 
Offset current 
100 
10 
150 
nA 


Over temperature 
200 
200 
nA 


filos/fiT 
200 
200 
pAloC 


Is 
Input current 
200 
400 
200 
800 
nA 


Over temperature 
700 
1000 
nA 


fils/fiT 
5 
5 
nAloC 


8 
10.5 
8 
16 
mA 


Icc 
Supply current 


Over temperature 
13 
mA 


VCM 
Common-mode 
input range 
±12 
±13 
±12 
±13 
V 


CMRR 
Common-mode 
rejection ratio 
80 
100 
70 
100 
dB 


PSRR 
Power supply rejection ratio 
10 
50 
10 
100 
llVN 


RL~2kQ, Vo=±10V 
50 
100 
25 
100 
V/mV 


Large-signal 
voltage gain 
Over temperature 
25 
15 
V/mV 
AVOL 
RL~600Q, Vo=±10V 
40 
50 
15 
50 
V/mV 


Over temperature 
20 
10 
Vim V 


RL~600Q 
±12 
±13 
±12 
±13 
V 


Over temperature 
±10 
±12 
±10 
±12 
V 


VOUT 
Output swing 
RL~600Q, Vs=±18V 
±15 
±16 
±15 
±16 
V 


Over temperature 
±12 
±14 
±12 
±14 
V 


RL~2kQ 
±13 
±13.5 
±13 
±13.5 
V 


Over temperature 
±12 
±12.5 
±10 
±12.5 
V 


R1N 
Input resistance 
30 
300 
30 
300 
kQ 


Isc 
Output short circuit current 
10 
38 
60 
10 
38 
60 
mA 


NOTES: 
1. 
Diodes protect the inputs against overvoltage. 
Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential 


input voltage exceeds 0.6V. Maximum current should be limited to ±1OmA. 
2. 
For operation at elevated temperature, 
derate packages based on the package thermal resistance. 
3. 
Output may be shorted to ground at Vs=±15V, TA=25°C Temperature and/or supply voltages must be limited to ensure dissipation 
rating is 


not exceeded. 


Internally-compensated 
dual low noise operational 
amplifier 


AC ELECTRICAL 
CHARACTERISTICS 


TA=25°C Vs=±15V. unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE/SE5532/5532A 
UNIT 


Min 
Typ 
Max 


ROUT 
Output resistance 
Av=30dB Closed·loop 
0.3 
Q 
f=10kHz. Rl=600Q 


Voltage· follower 


Overshoot 
V1N=100mVp.p 
10 
% 


Cl=100pF. 
Rl=600Q 


Av 
Gain 
f=10kHz 
2.2 
VlmV 


GBW 
Gain bandwidth 
product 
Cl=100p~ 
Rl=600Q 
10 
MHz 


SR 
Slew rate 
9 
V/IlS 


VouT=±10V 
140 
kHz 


Power bandwidth 
VOUT=±14V. Rl=600Q. 
100 
kHz 


Vcc=±18V 


ELECTRICAL 
CHARACTERISTICS 


TA=25°C Vs=±15V. unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE/SE5532 
NE/SE5532A 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


VNOISE 
Input noise voltage 
fo=30Hz 
8 
8 
12 
nV/"FlZ 


fo=lkHz 
5 
5 
6 
nV/"FlZ 


INolsE 
Input noise current 
fo=30Hz 
2.7 
2.7 
pAl"FlZ 


fo=lkHz 
0.7 
0.7 
pAl"FlZ 


Channel separation 
f=lkHz. 
Rs=5kQ 
110 
110 
dB 


Internally-compensated 
dual low noise operational 
amplifier 


Open-Loop 
Frequency 
Closed-Loop 
Frequency 
Large-Signal 
Frequency 


Response 
Response 
Response 


120 
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I 
I 
I 


40 


lYPICAL VALUES 
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Input Bias Current 
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20 
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40" 


11 
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/ 
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(mA) 
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/ 
"- 


'0 
1/ 
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- 
/ 
0 
0 
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lYP 
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Philips Semiconductors-Signetics 
Linear Products 


Internally-compensated 
dual low noise operational 


amplifier 


NE5533/5533A/ 
NE/SA/SE5534/5534A 


DESCRIPTION 
The 5533/5534 are dual and single 
high-performance 
low noise operational 


amplifiers. 
Compared to other operational 


amplifiers, 
such as TLOB3, they show belter 


noise performance, 
improved output drive 
capability and considerably 
higher 
small-signal 
and power bandwidths. 


This makes the devices especially 
suitable 
for application 
in high quality and professional 


audio equipment, 
in instrumentation 
and 


control circuits and telephone channel 
amplifiers. The op amps are internally 
compensated 
for gain equal to, or higher 


than, three. The frequency 
response can be 
optimized with an external compensation 
capacitor for various applications 
(unity gain 


amplifier, capacitive load, slew rate, low 
overshoot, etc.) If very low noise is of prime 
importance, 
it is recommended 
that the 
5533A15534A version be used which has 
guaranteed 
noise specifications. 


FEATURES 


• Small-signal 
bandwidth: 
10MHz 


• Output drive capability: 600n, 
1OVRMS at 


VS=±1BV 


• Input noise voltage: 
4nV/1HZ 


• DC voltage gain: 100000 


• AC voltage gain: 6000 at 10kHz 


• Power bandwith: 200kHz 


• Slew rate: 13V1fts 


• Large supply voltage range: ±3to ±20V 


• 5534 MIL-STD processing available 


D, FE, N Packages 


BAlANCE88 ro~~N~TION 
INVERTING 
2 
_ 
7 
V+ 


INPUT 


NONINVERTING 
3' 
6 
OUTPUT 


V· 
COMPENSATION 


TOPVIEW 


INVINPUTA 
1 
BALCOMPA 


APPLICATIONS 
NON-INV 
2 
COMPA 
INPUTA 


• Audio equipment 
BALANCEA 
3 
OUTPUTA 


V+ 
• Instrumentation 
and control circuits 
OUTPUTB 
BALANCEB 
• Telephone channel amplifiers 
NON--lNVB 
6 
COMPB 


• Medical equipment 
NC 
Nc 


9 
BALCOMPB 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE5533N 


16-Pin Plastic SO package 
o to +70°C 
NE5533AD 


14-Pin Plastic DIP 
o to +70°C 
NE5533AN 


16-Pin Plastic SO package 
o to +70°C 
NE5533D 


B-Pin Plastic SO package 
o to +70°C 
NE5534D 


B-Pin Hermetic Cerdip 
o to +70°C 
NE5534FE 


B-Pin Plastic DIP 
o to +70°C 
NE5534N 


B-Pin Plastic SO package 
o to +70°C 
NE5534AD 


B-Pin Hermetic Cerdip 
o to +70°C 
NE5534AF 


B-Pin Plastic DIP 
o to +70°C 
NE5534AN 


B-Pin Plastic DIP 
-40°C to +B5°C 
SA5534N 


B-Pin Plastic SO package 
-40°C to +B5°C 
SA5534AD 


B-Pin Hermetic Cerdip 
-55°C to +125°C 
SE5534AF 


B-Pin Plastic DIP 
-55°C to +125°C 
SE5534N 


B-Pin Hermetic Cerdip 
-55°C to +125°C 
SE5534AF 


B-Pin Plastic DIP 
-55°C to +125°C 
SE5534AN 


NE5533/5533A 
o Package 


INVINPUTA 
1 
NON-mv 2 
INPUTA 
BALANCEA 3 


BALCOMPA 


COMPA 


OUTPUTA 


BALANCEB s 


NON-INVB 
6 


NE5533/5533A/ 
NE/SA/S E5534/5534A 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 
±22 
V 


VIN 
Input voltage 
±V supply 
V 


VDlFF 
Differential input voltage 1 
±0.5 
V 


TA 
Operating temperature 
range 


SE 
-55 to +125 
°C 


SA 
-40 to +85 
°C 


NE 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TJ 
Junction temperature 
150 
°C 


Po 
Power dissipation at 25°C2 


55330 
1350 
mW 


5533N 
1500 
mW 


55340 
750 
mW 


5534FE 
800 
mW 


5534N 
1150 
mW 


Output short-circuit duration3 
Indefinite 


TSOLO 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Diodes protect the inputs against over voltage. Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential 


input voltage exceeds 0.6V. Maximum current should be limited to ±10mA. 
2. 
For operation at elevated temperature, 
derate packages based on the following junction-to-ambient 
thermal resistance: 


8-pin ceramic DIP 150°CIW 
8-pin plastic DIP 105°CIW 
8-pin plastic SO 160°C/W 
14-pin plastic DIP 80°CIW 
16-pin plastic SO 90°C/W 


3. 
Output may be shorted to ground at Vs=±15V, TA=25°C. 
Temperature and/or supply voltages must be limited to ensure dissipation 
rating is 
not exceeded. 


NE5533/5533A/ 
NE/SA/S E5534/5534A 


DC ELECTRICAL CHARACTERISTICS 
TA=25°C, Vs=±15V, unless otherwise 
specified. 
1,2,3 


PARAMETER 
TEST CONDITIONS 
SE5534/5534A 
NE5533/5533A 
UNIT 
SYMBOL 
NElSA5534/5534A 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
0.5 
2 
0.5 
4 
mV 


Offset voltage 
Over temperature 
3 
5 
mV 


t..vos/t;T 
5 
5 
IlV/oC 


los 
10 
200 
20 
300 
nA 


Offset current 
Over temperature 
500 
400 
nA 


t;los/t;T 
200 
200 
pN°C 


Is 
400 
800 
500 
1500 
nA 


Input current 
Over temperature 
1500 
2000 
nA 


t;ls/t;T 
5 
5 
nN°C 


Icc 
Supply current 
4 
6.5 
4 
8 
mA 


perop 
amp 
Over temperature 
9 
10 
mA 


VCM 
Common mode input range 
±12 
±13 
±12 
±13 
V 


CMRR 
Common mode rejection ratio 
80 
100 
70 
100 
dB 


PSRR 
Power supply rejection ratio 
10 
50 
10 
100 
IlVN 


AVOL 
Large-signal 
voltage gain 
RL~600n, Vo=±10V 
50 
100 
25 
100 
V/mV 


Over temperature 
25 
15 
VlmV 


RL~600n 
±12 
±13 
±12 
±13 
V 


Over temperature 
±10 
±12 
±10 
±12 
V 


VOUT 
Output swing 
RL,,600n, Vs=±18V 
±15 
±16 
±15 
±16 
V 


RL~2kQ 
±13 
±13.5 
±13 
±13.5 
V 


Over temperature 
±12 
±12.5 
±12 
±12.5 
V 


RIN 
Input resistance 
50 
100 
30 
100 
kn 


Isc 
Output short circuit current 
38 
38 
mA 


NOTES: 
1. 
For NE5533/5533N5534/5534A, 
TMIN= O°C, TMAX= 70°C 
2. 
For SE5534/5534A, 
TMIN= -55°C, TMAX= +125°C 


3. 
For SA5534/5534A, 
TMIN= -40°C, TMAX= +125°C 


NE5533/5533A/ 


NE/SA/S E5534/5534A 


PARAMETER 
TEST CONDITIONS 
SE5534/5534A 
NE5533/5533A 
UNIT 
SYMBOL 
NESA5534/5534A 


Min 
Typ 
Max 
Min 
Typ 
Max 


Av=30dB closed-loop 


ROUT 
Output resistance 
f=10kHz, RL=600Q, 
0.3 
0.3 
Q 
Cc=22pF 


Voltage-follower, 
V1N=50mV 


Transient response 
RL=600Q, Cc=22pF, 


CL=100pF 


tR 
Rise time 
20 
20 
ns 


Overshoot 
20 
20 
% 


Transient response 
V1N=50mV, RL=600Q 


Cc=47p~CL=500pF 


tR 
Rise time 
50 
50 
ns 


Overshoot 
35 
35 
% 


Av 
Gain 
1=10kHz, Cc=O 
6 
6 
V/mV 


1=10kHz, Cc=22pF 
2.2 
2.2 
V/mV 


GBW 
Gain bandwidth product 
Cc=22pF, CL=100pF 
10 
10 
MHz 


SR 
Slew rate 
Cc=O 
13 
13 
VII's 


Cc=22pF 
6 
6 
VlfJ.s 


Power bandwidth 
VOUF±10V, 
Cc=O 
200 
200 
kHz 


VouT=±10V, Cc=22pF 
95 
95 
kHz 


VouT=±14V, RL=600Q 
70 
70 
kHz 


Cc=22p~ 
Vcc=±18V 


ELECTRICAL 
CHARACTERISTICS 
TA=25°C, Vs = 15V, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
5533/5534 
5533A/5534A 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


fo=30Hz 
7 
5.5 
7 
nVl-JRZ 


VNOISE 
Input noise voltage 


lo=1kHz 
4 
3.5 
4.5 
nV/-JRZ 


lo=30Hz 
2.5 
1.5 
pAl-JRZ 


INOISE 
Input noise current 


lo=1kHz 
0.6 
0.4 
pAl-JRZ 


Broadband noise figure 
1=10Hz-20kHz, Rs=5kQ 
0.9 
dB 


Channel separation 
1=1 kHz, Rs=5kQ 
110 
110 
dB 


Philips Semiconductors-Bignetics 
Linear Products 


NE5533/5533A/ 


NE/SA/S E5534/5534A 


NE5533/5533A/ 
NE/SA/S E5534/5534A 


Open-Loop Frequency 
Slew Rate as a Function of 
Closed-Loop 
Frequency 
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Compensation 
Capacitance 
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DESCRIPTION 
The NE5230 is a very low voltage operational 
amplifier that can perform with a voltage 
supply as low as 1.8V or as high as 15V. In 
addition, split or single supplies can be used, 
and the output will swing to ground when 
applying the latter. There is a bias adjusting 
pin which controls the supply current required 
by the device and thereby controls its power 
consumption. 
If the part is operated at ±O.9V 
supply voltages, the current required is only 
11OJlAwhen the current control pin is left 
open. Even with this low power consumption, 
the device obtains a typical unity gain 
bandwidth of 180kHz. When the bias 
adjusting pin is connected 
to the negative 
supply, the unity gain bandwidth is typically 
600kHz while the supply current is increased 
to 600JlA. In this mode, the part will supply 
full power output beyond the audio range. 


The NE5230 also has a unique input stage 
that allows the common-mode 
input range to 
go above the positive and below the negative 
supply voltages by 250mV. This provides for 
the largest possible input voltages for low 
voltage applications. 
The part is also 


internally-compensated 
to reduce external 


component 
count. 


The NE5230 has a low input bias current of 
typically ±40nA, and a large open-loop gain of 
125dS. These two specifications 
are 
beneficial when using the device in 
transducer applications. 
The large open-loop 
gain gives very accurate signal processing 
because of the large "excess" loop gain in a 
closed-loop 
system. 


The output stage is a class AS type that can 
swing to within 100mV of the supply voltages 
for the largest dynamic range that is needed 
in many applications. 
The NE5230 is ideal for 
portable audio equipment and remote 
transducers 
because of its low power 


consumption, 
unity gain bandwidth, and 
30nVlw 
noise specification. 


• Works down to 1.8V supply voltages 


• Adjustable 
supply current 


• Portable precision instruments 


• Remote transducer amplifier 


• Portable audio equipment 


• Rail-to-rail comparators 


• Half-wave rectification without diodes 


• Remote temperature 
transducer with 4 to 


20mA output transmission 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
Oto+70°C 
NE5230D 


8-Pin Plastic DIP 
o to +70°C 
NE5230N 


8-Pin Plastic SO 
-40°C to +85°C 
SA5230D 


8-Pin Ceramic DIP 
-40°C to +85°C 
SA5230FE 


8-Pin Plastic DIP 
-40°C to +85°C 
SA5230N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Single supply voltage 
18 
V 


Vs 
Dual supply voltage 
±9 
V 


V1N 
Input voltage 1 
±9 (18) 
V 


Differential input voltage 1 
±Vs 
V 


VCM 
Common-mode 
voltage (positive) 
Vcc+0.5 
V 


VCM 
Common-mode 
voltage (negative) 
VEE-0.5 
V 


PD 
Power dissipation2 
500 
mW 


TJ 
Operating junction temperature2 
150 
°C 


800utput 
short-circuit 
duration 
Indefinite 
s 
to either power supply pin2, 3 


TSTG 
Storage temperature 
-65 to 150 
°C 


TsoLD 
Lead soldering temperature 
(1Osec max) 
300 
°C 


NOTES: 
1. Can exceed the supply voltages when Vs 5.±7.5V (15V). 
2. 
The maximum operating junction temperature 
is 150°C. At elevated temperatures, 
devices must be derated according to the package 
thermal resistance 
and device mounting conditions. 
Derate above 25°C at the following rates: 
FE package at 6.7mW/OC 
N package at9.5mW/oC 
o package at6.25mW/oC 
3. 
Momentary shorts to either supply are permitted in accordance 
to transient thermal impedance limitations determined 
by the package and 


device mounting conditions. 


PARAMETER 
RATING 
UNIT 


Single supply voltage 
1.8to 
15 
V 


Dual supply voltage 
±D.9to ±7.5 
V 


Common-mode 
voltage (positive) 
Vcc+0.25 
V 


Common-mode 
voltage (negative) 
VEE-O.25 
V 


Temperature 


NE grade 
o to 70 
°C 


SA grade 
-40 to 85 
°C 


DC AND AC ELECTRICAL CHARACTERISTICS 
Unless otherwise 
specified, ±0.9V S Vs S +7.5V or equivalent 
single supply, RL=10kQ, full input common-mode 
range, over full operating 


temperature 
range. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
BIAS 
NElSA5230 
UNIT 


Min 
Typ 
Max 


Vos 
Offset voltage 
TA=25°C 
Any 
0.4 
3 
mV 


Any 
3 
4 
mV 


Vos 
Drift 
Any 
2 
5 
/lV/oC 


los 
Offset current 
TA=25°C 
High 
3 
50 
nA 


TA=25°C 
Low 
3 
30 
nA 


High 
100 
nA 


Low 
60 
nA 


los 
Drift 
High 
0.5 
1.4 
nArC 


Low 
0.3 
1.4 
nA/oC 


Is 
Bias current 
TA=25°C 
High 
40 
150 
nA 


TA=25°C 
Low 
20 
60 
nA 


High 
200 
nA 


Low 
150 
nA 


Is 
Drift 
High 
2 
4 
nA/oC 


Low 
2 
4 
nArC 


TA=25°C 
Low 
110 
160 
JlA 


Vs=±O·9V 
TA=25°C 
High 
600 
750 
JlA 


Low 
250 
JlA 


Is 
Supply current 
High 
800 
JlA 


TA=25°C 
Low 
320 
550 
JlA 


Vs>d:7.5V 
TA=25°C 
High 
1.1 
1.6 
JlA 


Low 
600 
JlA 


High 
1.7 
JlA 


VCM 
Common-mode 
input range 
VosS6mV, TA=25°C 
Any 
V'-0.25 
V· +0.25 
V 


Any 
V' 
V· 
V 


CMRR 
Common-mode 
rejection ratio 
Vs>d:7.5V 
Rs=10kQ, VcM>d:7.5V, 
Any 
85 
95 
dB 
TA=25°C 


Rs=10kQ, VcM>d:7.5V 
Any 
80 
dB 


PSRR 
Power supply rejection ratio 
TA=25°C 
High 
90 
105 
dB 


TA=25°C 
Low 
85 
95 
dB 


High 
75 
dB 


Low 
80 
dB 


IL 
Load current 
source 
Vs>d:7.5V 
Any 
4 
10 
mA 


sink 
Vs>d:7.5V 
Any 
5 
15 
mA 


source 
Vs>d:7.5V 
Any 
1 
5 
mA 


sink 
Vs>d:7.5V 
Any 
2 
6 
mA 


source 
Vs>d:0.9V, TA=25°C 
High 
4 
6 
mA 


sink 
Vs>d:0.9V, TA=25°C 
High 
5 
7 
mA 


source 
Vs=±7.5V, TA=25°C 
High 
16 
mA 


sink 
Vs=+7.5V, TA-25°C 
High 
32 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
BIAS 
NElSA5230 
UNIT 


Min 
Typ 
Max 


AVOL 
Large-signal 
open-loop gain 
Vs=±7.5V 
RL=10kQ, TA=25°C 
High 
120 
2000 
V/mV 


RL=10kQ, TA=25°C 
Low 
60 
750 
V/mV 


High 
100 
800 
V/mV 


Low 
50 
800 
V/mV 


TA=25°C +SW 
Any 
750 
800 
mV 


Vs=±0.9V 
TA=25°C-SW 
Any 
750 
800 
mV 


+SW 
Any 
700 
mV 


Your 
Output voltage swing 
-SW 
Any 
700 
mV 


TA=25°C +SW 
Any 
7.30 
7.35 
V 


Vs=±7.5V 
TA=25°C-SW 
Any 
-7.32 
-7.35 
V 


+SW 
Any 
7.25 
7.30 
V 


-SW 
Any 
-7.30 
-7.35 
V 


SR 
Slew rate 
TA=25°C 
High 
0.25 
V/JJ.s 


TA=25°C 
Low 
0.09 
V/',ls 


BW 
Inverting unity gain bandwidth 
CL=100pF, TA=25°C 
High 
0.6 
MHz 


CL=100pF, TA=25°C 
Low 
0.25 
MHz 


8M 
Phase margin 
CL=100pF, TA=25°C 
Any 
70 
Deg. 


ts 
Settling time 
CL=100pF,0.1% 
High 
2 
JJ.s 


CL=100pF,0.1% 
Low 
5 
',ls 


VINN 
Input noise 
Rs=OQ, f=1kHz 
High 
30 
nV/VFrz 


Rs=OQ, f=1kHz 
Low 
60 
nV/VFrz 


THO 
Total Harmonic Distortion 
Vs=±7.5V 
High 
0.003 
% 
Av=1, V1N=500mV, f=1kHz 


Vs=±0.9V 
High 
0.002 
% 
Av=1, V1N=500mV, f=1kHz 


THEORY OF OPERATION 


Input Stage 
Operational amplifiers which are able to 
function at minimum supply voltages should 
have input and output stage swings capable 
of reaching both supply voltages within a few 
millivolts in order to achieve ease of 
quiescent 
biasing and to have maximum 


inpuVoutput signal handling capability. The 
input stage of the NE5230 has a 
common-mode 
voltage range that not only 


includes the entire supply voltage range, but 
also allows either supply to be exceeded by 
250mV without increasing 
the input offset 
voltage by more than 6mY. This is unequalled 
by any other operational 
amplifier today. 


In order to accomplish 
the feat of rail-to-rail 
input common-mode 
range, two 
emitter-coupled 
differential 
pairs are placed in 


parallel so that the common-mode 
voltage of 


one can reach the positive supply rail and the 
other can reach the negative supply rail. The 
simplified schematic of Figure 1 shows how 
the complementary 
emitter-coupler 


transistors are configured 
to form the basic 


input stage cell. Common-mode 
input signal 


voltages in the range from O.8V above VEEto 
Vcc are handled completely 
by the NPN pair, 


03 and 04, while common-mode 
input signal 


voltages in the range of VEE to O.8V above 
VEEare processed only by the PNP pair, 01 
and 02. The intermediate 
range of input 


voltages requires that both the NPN and PNP 
pairs are operating. 
The collector currents of 


the input transistors are summed by the 
current combiner circuit composed of 
transistors 08 through 011 into one output 
current. Transistor 08 is connected as a 
diode to ensure that the outputs of 02 and 
04 are properly subtracted from those of 01 
and 03. 


The input stage was designed to overcome 
two important problems for rail-to-rail 
capability. As the common-mode 
voltage 


moves from the range where only the NPN 
pair was operating to where both of the input 
pairs were operating, the effective 
transconductance 
would change by a factor 


of two. Frequency compensation 
for the 


ranges where one input pair was operating 
would, of course, not be optimal for the range 
where both pairs were operating. Secondly, 
fast changes in the common-mode 
voltage 
would abruptly saturate and restore the 
emitter current sources, causing transient 
distortion. These problems were overcome by 
assuring that only the input transistor pair 
which is able to function properly is active. 
The NPN pair is normally activated by the 
current source IBl through 05 and the current 
mirror 06 and 07, assuming the PNP pair is 
non-conducting. 
When the common-mode 


input voltage passes below the reference 
voltage, VB1=O.8V at the base of 05, the 
emitter current is gradually steered toward 
the PNP pair, away from the NPN pair. The 
transfer of the emitter currents between the 
complementary 
input pairs occurs in a 
voltage range of about 120mV around the 


reference voltage VB1. In this way the sum of 
the emitter currents for each of the NPN and 
PNP transistor pairs is kept constant; this 
ensures that the transconductance 
of the 
parallel combination 
will be constant, since 


the transconductance 
of bipolar transistors is 


proportional 
to their emitter currents. 


An essential 
requirement 
of this kind of input 


stage is to minimize the changes in input 
offset voltage between that of the NPN and 
PNP transistor 
pair which occurs when the 


input common-mode 
voltage crosses the 
internal reference voltage, VB1. Careful circuit 
layout with a cross-coupled 
quad for each 
input pair has yielded a typical input offset 
voltage of less than O.3mV and a change in 
the input offset voltage of less than O.1mY. 


Output Stage 
Processing output voltage swings that 
nominally reach to less than 100mV of either 
supply voltage can only be achieved by a pair 
of complementary 
common-emitter 
connected 
transistors. 
Normally, such a 


configuration 
causes complex feed-forward 
signal paths that develop by combining 
biasing and driving which can be found in 
previous low supply voltage designs. The 
unique output stage of the NE5230 separates 
the functions of driving and biasing, as shown 
in the simplified schematic of Figure 2, and 
has the advantage 
of a shorter signal path 
which leads to increasing the effective 
bandwidth. 


This output stage consists of two parts: the 
Darlington output transistors 
and the class 
AS control regulator. The output transistor Q3 
connected with the Darlington transistors Q4 
and Q5 can source up to 10mA to an output 
load. The output of NPN Darlington 
connected transistors Q1 and Q2 together 
are able to sink an output current of 10mA. 
Accurate and efficient class AS control is 
necessary to insure that none of the output 
transistors are ever completely 
cut off. This is 
accomplished 
by the differential amplifier 


(formed by Q8 and Q9) which controls the 
biasing of the output transistors. 
The 
differential amplifier compares the summed 
voltages across two diodes, D 1 and D2, at 
the base of Q8 with the summed voltages 
across the base-emitter 
diodes of the output 


transistors Q1 and Q3. The base-emitter 
voltage of Q3 is converted 
into a current by 
Q6 and R6 and reconverted 
into a voltage 
across the base-emitter 
diode of Q7 and R7. 
The summed voltage across the base-emitter 
diodes of the output transistors Q3 and Q1 is 
proportional 
to the logarithm of the product of 


the push and pull currents lop and ION, 
respectively. The combined voltages across 
diodes 01 and D2 are proportional 
to the 


logarithm of the square of the reference 
current Is,. When the diode characteristics 
and temperatures 
of the pairs Q1, 01 and 


Q3, Q2 are equal, the relation 
lopxloN=lslXls, 
is satisfied. 


Separating 
the functions of biasing and 


driving prevents the driving signals from 
becoming delayed by the biasing circuit. The 
output Darlington transistors are directly 
accessible for in-phase driving signals on the 
bases of Q5 and Q2. This is very important 
for simple high-frequency 
compensation. 
The 


output transistors can be high-frequency 
compensated 
by Miller capacitors 
CM1 A and 


CMl S connected from the collector, 
to the 
bases of the output Darlington transistors. 


A general-purpose 
op amp of this type must 
have enough open-loop gain for applications 
when the output is driving a low resistance 
load. The NE5230 accomplishes 
this by 


inserting an intermediate common-emitter 
stage between the input and output stages. 
The three stages provide a very large gain, 
but the op amp now has three natural 
dominant poles - 
one at the output of each 


common-emitter 
stage. Frequency 
compensation 
is implemented with a simple 


scheme of nested, pole-splitting 
Miller 


integrators. The Miller capacitors CM1A and 
CM1 S are the first part of the nested 
structure, and provide compensation 
forthe 
output and intermediate 
stages. A second 
pair of Miller integrators provide pole-splitting 
compensation 
for the pole from the input 


stage and the pole resulting from the 
compensated 
combination 
of poles from the 


intermediate 
and output stages. The result is 


a stable, internally-compensated 
op amp with 
a phase margin of 70 degrees. 


THERMAL 
CONSIDERATIONS 


When using the NE5230, the internal power 
dissipation capabilities 
of each package 


should be considered. 
Signetics does not 


recommend 
operation at die temperatures 
above 110°C in the SO package because of 
its inherently smaller package mass. Die 
temperatures 
of 150°C can be tolerated in all 
the other packages. With this in mind, the 
following equation can be used to estimate 
the die temperature: 


TJ = TA+ (PD x 8JA) 


Where 


TA == AmbientTemperature 
TJ = Die 
Temperature 


PD ;: Power 
Dissipation 
= (lee x Vee) 


9JA ;;;;;:Packagetherrna/resistance 


= 270·C/W 
for SO - 8 in PC 
board mounting 


See the packaging section for information 
regarding other methods of mounting. 


8JA=100°C/W for the plastic DIP; 
8JA=110°CIW for the ceramic DIP. 


The maximum supply voltage for the part is 
15V and the typical supply current is 1.1mA 
(1.6mA max). For operation at supply 


03 


~'~ 


VOUT 


02 


~ 
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01 


voltages other than the maximum, see the 
data sheet for Icc versus Vcc curves. The 
supply current is somewhat 
proportional 
to 
temperature 
and varies no more than 100J.1A 


between 25'C and either temperature 
extreme. 


Operation at higher junction temperatures 
than that recommended 
is possible but will 
result in lower MTBF (Mean TIme Between 
Failures). This should be considered 
before 
operating beyond recommended 
die 
temperature 
because of the overall reliability 
degradation. 


DESIGN 
TECHNIQUES 
AND 


APPLICATIONS 
The NE5230 is a very user-friendly 
amplifier 


for an engineer to design into any type of 
system. The supply current adjust pin (Pin 5) 
can be left open or tied through a pot or fixed 
resistor to the most negative supply (Le., 
ground for single supply or to the negative 
supply for split supplies). The minimum 
supply current is achieved by leaving this pin 
open. In this state it will also decrease the 
bandwidth and slew rate. When tied directly 
to the most negative supply, the device has 
full bandwidth, 
slew rate and Icc. The 
programming 
of the current-control 
pin 


depends on the trade-ofts which can be made 
in the designer's 
application. 
The graph in 


Figure 3 will help by showing bandwidth 
versus Icc. As can be seen, the supply 
current can be varied anywhere over the 
range of 100J.1Ato 600jlA for a supply voltage 
of 1.8V. An external resistor can be inserted 
between the current control pin and the most 
negative supply. The resistor can be selected 
between 1Q to 100kQ to provide any required 
supply current over the indicated range. In 
addition, a small varying voltage on the bias 
current control pin could be used for such 
exotic things as changing the gain-bandwidth 
for voltage controlled 
low pass filters or 


amplitude modulation. 
Furthermore, 
control 


over the slew rate and the rise time of the 
amplifier can be obtained in the same 
manner. This control over the slew rate also 
changes the settling time and overshoot in 
pulse response applications. 
The settling time 


to 0.1 % changes from 5jls at low bias to 2jls 
at high bias. The supply current control can 
also be utilized for wave-shaping 
applications 
such as for pulse or triangular waveforms. 
The gain-bandwidth 
can be varied from 
between 250kHz at low bias to 600kHz at 
high bias current. The slew rate range is 
o.oaVl!"s 
at low bias and O.25V1!"s at high 


bias. 


The full output power bandwidth range for 
Vcc equals 2V, is above 40kHz for the 
maximum bias current setting and greater 
than 10kHz at the minimum bias current 
setting. 


If extremely low signal distortion (<0.05%) is 
required at low supply voltages, exclude the 
common-mode 
crossover point (VB') from the 
common-mode 
signal range. This can be 


accomplished 
by proper bias selection or by 


using an inverting amplifier configuration. 


Most single supply designs necessitate 
that 
the inputs to the op amp be biased between 
Vcc and ground. This is to assure that the 
input signal swing is within the working 
common-mode 
range of the amplifier. This 
leads to another helpful and unique property 
of the NE5230 that other CMOS and bipolar 
low voltage parts cannot achieve. It is the 
simple fact that the input common-mode 
voltage can go beyond either the positive or 
negative supply voltages. This benefit is 
made very clear in a non-inverting 
voltage-follower 
configuration. 
This is shown 
in Figure 4 where the input sine wave allows 


an undistorted output sine wave which will 
swing less than 1OOmVof either supply 
voltage. Many competitive 
parts will show 


severe clipping caused by input 
common-mode 
limitations. The NE5230 in 
this configuration 
offers more freedom for 
quiescent biasing of the inputs close to the 
positive supply rail where similar op amps 
would not allow signal processing. 


There are not as many considerations 
when 


designing with the NE5230 as with other 
devices. Since the NE5230 is 
internally-compensated 
and has a unity 
gain-bandwidth 
of 600kHz, board layout is not 


so stringent as for very high frequency 
devices such as the NE5205. The output 
capability of the NE5230 allows it to drive 
relatively high capacitive 
loads and small 
resistive loads. The power supply pins should 
be decoupled with a low-pass RC network as 
close to the supply pins as possible to 
eliminate 60Hz and other external power line 
noise, although the power supply rejection 
ratio (PSRR) for the part is very high. The 
pinout for the NE5230 is the same as the 
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Figure 
4. In a Non-Inverting 
Voltage-Follower 
Configuration, 
the NE5230 will Give Full Rall-to-Rall 
Swing. 
Other 
Low Voltage 
Amplifiers 
will not Because 
they are Limited 
by their Input Common-Mode 
Range and Output 
SwIng 
Capability. 


standard single op amp pinout with the 
exception of the bias current adjusting pin. 


REMOTE 
TRANSDUCER 
WITH 
CURRENT 
TRANSMISSION 
There are many ways to transmit information 
along two wires, but current transmission 
is 
the most beneficial when the sensing of 
remote singals is the aim. 
It is further 


enhanced 
in the form of 4 to 20mA 
information which is used in many 
control-type 
systems. 
This method of 
transmission 
provides immunity from line 
voltage drops, large load resistance 
variations, and voltage noise pickup. 
The 
zero reference of 4mA not only can show if 
there is a break in the line when no current is 
flowing, but also can power the transducer 
at 
the remote location. 
Usually the transducer 
itself is not equipped to provide for the 
current transmission. 
The unique features of 
the NE5230 can provide high output current 
capability coupled with low power 
consumption. 
It can be recotely connected to 
the transducer to create a current loop with 
minimal external components. 
The circuit for 


this is shown in Figure 5. Here, the part is 
configured 
as a voltage-to-current, 
or 
transconductance 
amplifier. 
This is a novel 


circuit that takes advantage 
of the NE5230's 
large open-loop gain. 
In AC applications, 
the 
load current will decrease as the open-loop 
gain rolls off in magnitude. 
The low offset 
voltage and current sinking capabilities 
of the 
NE5230 must also be considered 
in this 
application. 


The NE5230 circuit shown in Figure 5 is a 
pseudo transistor configuration. 
The inverting 
input is equivalent to the "base," the point 
where VEE and the non-inverting 
input meet 
is the "emitter," and the connection after the 
output diode meets the Vcc pin is the 
collector. The output diode is essential to 
keep the output from saturating in this 
configuration. 
From here it can be seen that 
the base and emitter form a voltage-follower 
and the voltage present at Rc must equal the 
input voltage present at the inverting input. 
Also, the emitter and collector form a 
current-follower 
and the current flowing 


through Rc is equivalent to the current 
through RL and the amplifier. This sets up the 
current loop. Therefore, the following 
equation can be formulated for the working 
current transmission 
line. The load current is: 


and proportional 
to the input voltage for a set 
Rc. Also, the current is constant no matter 
what load resistance is used while within the 
operating bandwidth range of the op amp. 
When the NE5230's supply voltage falls past 
a certain point, the current cannot remain 
constant. This is the "voltage compliance" 
and is very good for this application because 
of the near rail output voltage. The equation 
that determines 
the voltage compliance as 
well as the largest possible load resistor for 
the NE5230 is as follows: 


RL max=IVrerrote 
supply)-VCC 
min 


-V1N maxl/IL 
(3) 


Where Vcc mln is the worst-case 
power 


supply voltage (approximately 
1.8V) that will 


still keep the part operational. 
As an example, 


when using a 15V remote power supply, a 
current sensing resistor of 1Q. and an input 
voltage (V1N) of 20m V, the output current (Ill 
is 20mA. Furthermore, 
a load resistance of 


zero to approximately 
650Q can be inserted 


in the loop without any change in current 
when the bias current-control 
pin is tied to the 


negative supply pin. The voltage drop across 
the load and line resistance will not affect the 
NE5230 because it will operate down to 1.8V. 
With a 15V remote supply, the voltage 
available at the amplifier is still enough to 
power it with the maximum 20mA output into 
the 650Q load. 


What this means is that several instruments, 
such as a chart recorder, a meter, or a 
controller, as well as a long cable, can be 
connected in series on the loop and still 
obtain accurate readings if the total 
resistance does not exceed 650Q. 
Furthermore, 
any variation of resistance in 


this range will not change the output current. 


Any voltage output type transducer can be 
used, but one that does not need external DC 
voltage or current excitation to limit the 
maximum possible load resistance is 
preferable. 
Even this problem can be 
surmounted 
if the supply power needed by 


the transducer is compatible 
with the 


NE5230. The power goes up the line to the 
transducer and amplifier while the transducer 
signal is sent back via the current output of 


NOTES: 


1. lOUT' 
VIN/RC 


2. RLMAX' 
VREMOTE-1.BV- 
VINMAX 


lOUT 


4~~-1 


+ 
V 


For RC •• 10 


'OUT 
V,N 


4mA 
4mV 


20mA 
20mV 


a. The NE5230 as a Remote 
Transducer 
Transconductance 


Amp With 4·20mA Current 
Transmission 
Output 
Capability 


the NE5230 transconductance 
configuration. 
The voltage range on the input can be 
changed for transducers 
that produce a large 
output by simply increasing the current sense 
resistor to get the corresponding 
4 to 20mA 


output current. If a very long line is used 
which causes high line resistance, a current 
repeater could be inserted into the line. The 
same configuration 
of Figure 5 can be used 


with exception of a resistor across the input 
and line ground to convert the current back to 
voltage. Again, the current sensing resistor 
will set up the transconductance 
and the part 


will receive power from the line. 


TEMPERATURE TRANSDUCER 
A variation on the previous circuit makes use 
of the supply current control pin. The voltage 
present at this pin is proportional 
to absolute 
temperature 
(PTAT) because it is produced 
by the amplifier bias current through an 
internal resistor divider in a PTAT cell. If the 
control pin is connected 
to the input pin, the 
NE5230 itself can be used as a temperature 
transducer. If the center tap of a resistive pot 
is connected 
to the control pin with one side 
to ground and the other to the inverting input, 
the voltage can be changed to give different 
temperature 
versus output current conditions 


(see Figure 6). For additional control, the 
output current is still proportional 
to the input 


Figure 6. NE5230 Remote Temperature 
Transducer 
Utllizlng 
4·20mA 
Current 
Transmission. 
This Application 
Shows 
the use of the Accessibility 
of the PTAT 
Cell inh the Device to Make the Part, Itself, a Transducer 


4~~-1+ REMOTE 
V 
POWER 


_ 
SUPPLY 


NOTES: 


1. 
lOUT 
- VIN/RC 


2. RLMAX' 
VREMOTE-1.BV- 
V,NMAX 


'OUT 
ForRC-1n 


'OUT 
V,N 
4mA 
4mv 


20rM 
20mV 


When using the NE5230 as a temperature 
transducer, the thermal considerations 
in the 


previous section must be kept in mind. 


HALF-WAVE 
RECTIFIER 
WITH 
RAIL·TO·GROUND 
OUTPUT 
SWING 
Since the NE5230 input common-mode 
range 


includes both positive and negative supply 
rails and the output can also swing to either 
supply, achieving half-wave rectifier functions 
in either direction becomes a simple task. All 
that is needed are two external resistors; 
there is no need for diodes or matched 
resistors. Moreover, it can have either 
positive- or negative-going 
outputs, 


depending on the way the bias is arranged. 
This can be seen in Figure 7. Circuit (a) is 
biased to ground, while circuit (b) is biased to 
the positive supply. This rather unusual 
biasing does not cause any problems with the 
NE5230 because of the unique internal 
saturation detectors incorporated 
into the part 
to keep the PNP and NPN output transistors 
out of "hard" saturation. 
It is therefore 
relatively quick to recover from a saturated 
output condition. 
Furthermore, 
the device 
does not have parasitic current draw when 
the output is biased to either rail. This makes 


it possible to bias the NE5230 into 
"saturation" and obtain half-wave rectification 
with good recovery. The simplicity of biasing 
and the rail-to-ground 
half-sine wave swing 


are unique to this device. The circuit gain can 
be changed by the standard op amp gain 
equations for an inverting configuration. 


It can be seen in these configurations 
that the 


op amp cannot respond to one-half of the 
incoming waveform. 
It cannot respond 
because the waveform forces the amplifier to 
swing the output beyond either ground or the 
positive supply rail, depending on the biasing, 
and, also, the output cannot disengage during 
this half cycle. During the other half cycle, 
however, the amplifier achieves a half-wave 
that can have a peak equal to the total supply 
voltage. The photographs 
in Figure 8 show 
the effect of the different biasing schemes, as 
well as the wide bandwidth (it works over the 
full audio range), that the NE5230 can 
achieve in this configuration. 


By adding another NE5230 in an inverting 
summer configuration 
at the output of the 


half-wave rectifier, a full-wave can be 
realized. The values for the input and 
feedback resistors must be chosen so that 
each peak will have equal amplitudes. A table 
for calculating values is included in Figure 9. 
The summing network combines the input 
signal at the half-wave and adds it to double 
the half-wave's output, resulting in the 


full-wave. The output waveform can be 
referenced 
to the supply or ground, 


depending on the half-wave configuration. 
Again, no diodes are needed to achieve the 
rectification. 


This circuit could be used in conjunction with 
the remote transducer to convert a received 
AC output signal into a DC level at the 
full-wave output for meters or chart recorders 
that need DC levels. 


CONCLUSION 
The NE5230 is a versatile op amp in its own 
right. The part was designed to give low 
voltage and low power operation without the 
limitations of previously available amplifiers 
that had a multitude of problems. The 
previous application 
examples are unique to 


this amplifier and save the user money by 
excluding various passive components 
that 
would have been needed if not for the 
NE5230's special input and output stages. 


The NE5230 has a combination 
of novel 
specifications 
which allows the designer to 


implement it easily into existing low-supply 
voltage designs and to enhance their 
performance. 
It also offers the engineer the 


freedom to achieve greater amplifier system 
design goals. The low input referenced noise 
voltage eases the restrictions 
on designs 
where SIN ratios are important. The wide 


full-power bandwidth and output load 
handling capability allow it to fit into portable 
audio applications. 
The truly ample open-loop 


gain and low power consumption 
easily lend 


themselves to the requirements 
of remote 
transducer applications. 
The low, untrimmed 
typical offset voltage and low offset currents 
help to reduce errors in signal processing 


designs. The amplifier is well isolated from 
changes on the supply lines by its typical 
power supply rejection ratio of 105dB. 
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500mV/DIv 
20llS/DIv 
Biased 
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Rail 


Figure 
8. Performance 
Waveforms 
for the Circuits 
In Figure 
7. Good Response 
is Shown 
at 1 


and 10kHz for Both Circuits 
Under Full Swing With a 2V Supply 


NOTES: 
R2.2 
R1 


R4 = RS = R3 


+Vg 
will vary 
output reference. 


For single supply operation VEE can be grounded on A2. 
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NE/SA/SE532/ 
LM158/258/358/ A/2904 


DESCRIPTION 
The 5321358/LM2904 consists of two 
independent, 
high gain, internally 


frequency -com pen sated operational 
amplifiers internally frequency-compensated 
operational amplifiers designed specifically to 
operate from a single power supply over a 
wide range of voltages. Operation 
from dual 


power supplies is also possible, and the low 
power supply current drain is independent 
of 
the magnitude of the power supply voltage. 


UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range includes ground and the output 
voltage can also swing to includes ground 
and the output voltage can also swing to 
ground, even though operated from only a 
single power supply voltage. The unity gain 
cross frequency is 
temperature-compensated. 
The input bias 


current is also temperature-compensated. 


FEATURES 


• Internally frequency-<:ompensated 
for unity 
gain 


• Large DC voltage gain-1 
OOdS 


• Wide bandwidth (unity gain)-1 
MHz 
(temperature-compensated) 


• Wide power supply range single 
supply-3Voc 
to 30VDC or dual 
supplies---±1.5Voc 
to ±15Voc 


• Very low supply current drain 
(400llAl-essentially 
independent 
of 
supply voltage (1mW/op 
amp at +5VDC) 


• Low input biasing current-45nAoc 
temperature-compensated 


• Low input offset voltage-2mVoc 
and 
offset current-5nADC 


• Differential input voltage range equal to the 
power supply voltage 


• Large output voltage-oVoc 
to V+ 1.5Voc 
swing 


OUTPUT 
A 
1 


INVERTING 
INPUT 
A 
2 


NON 
INVERTING 
3 
INPUT 
A 
V- 
4 


7 
OUTPUTB 


INVERTING 
INPUTB 


5 
NON 
INVERTING 
INPUT 
B 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70°C 
NE532D 


8-Pin Plastic DIP 
a to +70°C 
NE532N 


8-Pin Ceramic DIP 
o to +70°C 
NE532FE 


8-Pin Plastic SO 
-40°C to +85°C 
SA532D 


8-Pin Plastic DIP 
-40°C to +85°C 
SA532N 


8-Pin Ceramic DIP 
-40°C to +85°C 
SA532FE 


8-Pin Plastic SO 
-40°C to +85°C 
LM2904D 


8-Pin Plastic DIP 
-40°C to +85°C 
LM2904N 


8-Pin Ceramic DIP 
-55°C to + 125°C 
LM158FE 


8-Pin Plastic DIP 
-25°C to +125°C 
LM258N 


8-Pin Plastic SO 
-25°C to +125°C 
LM258D 


8-Pin Plastic SO 
Oto+70°C 
LM358D 


8-Pin Plastic DIP 
o to +70°C 
LM358N 


8-Pin Plastic DIP 
o to +70°C 
LM358AN 


8-Pin Plastic SO 
Oto+70°C 
LM358AD 


8-Pin Plastic DIP 
-55°C to +125°C 
SE532N 


8-Pin Ceramic DIP 
-55°C to +125°C 
SE532FE 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage, V+ 
32 or ±16 
VDC 


Differential input voltage 
32 
VDC 


V'N 
Input voltage 
-0.3 to +32 
VDC 


Maximum power dissipation 
TA=25°C (Still air) 1 
PD 
FE package 
780 
mW 
N package 
1160 
mW 


D package 
780 
mW 


Output short-circuit 
to GND5 


V+<15 VDC and TA=25°C 
Continuous 


Operating 
ambient temperature 
range 


NE5321LM358/LM358A 
o to +70 
°C 


TA 
LM258 
-25 to +85 
°C 


SA5321LM2904 
-40 to +85 
°C 


SE5321LM158 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TsoLD 
Lead soldering temperature 
(10sec max) 
300 
°C 
NOTES: 
1. 
Derate above 25°C, at the following rates: 


FE package at 6.2mW/oC 
N package at 9.3mW/oC 
D package at 6.2mW/oC 


NE/SA/SE532/ 


LM 158/258/358/ 
A/2904 


DC ELECTRICAL 
CHARACTERISTICS 


TA = 25°C, V+=+5V, unless otherwise specified. 


TEST CONDITIONS 
SE532, LM158/258 
NElSA5321 
UNIT 
SYMBOL 
PARAMETER 
LM358/LM2904 


Min 
Typ 
Max 
Mln 
Typ 
Max 


Vos 
Offset voltage 1 
Rs=on 
±2 
±5 
±2 
±7 
mV 


Rs=On, over temp. 
±7 
±9 
mV 


Vos 
Drift 
Rs=On, over temp. 
7 
7 
JJ.V/oC 


los 
Offset current 
IIN (+)-IIN (-) 
±3 
±30 
±5 
±50 
nA 


Over temp. 
±100 
±150 
nA 


los 
Drift 
Over temp. 
10 
10 
pArC 


ISlAs 
Input current2 
IIN(+) or IIN (-) 
45 
150 
45 
250 
nA 
Over temp., IIN(+) or IIN(-) 
40 
300 
40 
500 
nA 


Is 
Drift 
Over temp. 
50 
50 
pA/oC 


VCM 
Common-mode 
voltage 
V+=30V 
0 
V+-1.5 
0 
V+-1.5 
V 


range3 
Over temp., V+=30V 
0 
V+-2.0 
0 
V+-2.0 
V 


CMRR 
Common-mode 
rejection 
V+=30V 
70 
85 
65 
70 
dB 
ratio 


VOH 
Output voltage swing 
RL~2kn, V+=30V, 
26 
26 
V 
over temp. 


RL~1Okn, V+=30V, 
27 
28 
27 
28 
V 
over temp. 


VOL 
Output voltage swing 
RL~10kn, over temp. 
5 
20 
5 
20 
mV 


RL=00,V+=30V 
0.5 
1.0 
0.5 
1.0 
mA 
Icc 
Supply current 
RL=00on all amplifiers, 
0.6 
1.2 
0.6 
1.2 
mA 
over temp., V+ =30V 


RL~2kn, VOUT±1OV, 


AVOL 
Large-signal 
voltage gain 
V+=15V 
50 
100 
25 
100 
V/mV 
(for large Vo swing) 
25 
15 
V/mV 


over temp. 


PSRR 
Supply voltage rejection 
Rs=on 
65 
100 
65 
100 
dB 
ratio 


Amplifier-to-amplifier 
cou- 
f= 1kHz to 20kHz 
-120 
-120 
dB 
piing' 
(input referred) 


lOUT 
Output current 
VIN.=+ 1Vac, VIN.=OVac, 
20 
40 
20 
40 
mA 
Source 
V+=15Voc 


VIN.=+ 1Voc, VIN.=OVac, 
10 
20 
10 
20 
mA 
V+=15Voc, 
over temp. 


Sink 
VIN.=+1Vac, VIN.=OVOC, 
10 
20 
10 
20 
mA 
V+=15Voc 


VIN·=+1Voc, V1N.=OVac, 
5 
8 
5 
8 
mA 
V+=15Voc, 
over temp. 


VIN.=OV, VIN·=+1Voc, 
12 
50 
12 
50 
JJ.A 
Vo=200mV 


Isc 
Short circuit currentS 
40 
60 
40 
60 
mA 


Differential input voltageS 
V+ 
V+ 
V 


GBW 
Unity gain bandwidth 
TA-25°C 
1 
1 
MHz 
SR 
Slew rate 
TA=25°C 
0.3 
0.3 
V/JJ.s 


VNOISE 
Input noise voltage 
TA=25°C, f=1kHz 
40 
40 
nV/.JHz 


NE/SA/SE532/ 
LM 158/258/358/ 
A/2904 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM358A 
UNIT 


Min 
Typ 
Max 


Rs=On 
±2 
±3 
mV 


Vos 
Offset voltage 1 


Rs=on, 
over temp. 
±5 
mV 


Vos 
Drift 
Rs=On, over temp. 
7 
20 
/lV/oC 


IIN(+)-IIN (-) 
5 
±30 
nA 
los 
Offset current 
Over temp. 
±75 
nA 


\os 
Drift 
Over temp. 
10 
300 
pAJoC 


Input current2 
IIN(+) or IIN(-) 
45 
100 
nA 
ISlAS 
Over temp., fiN (+) or fiN (-) 
40 
200 
nA 


Is 
Drift 
Over temp. 
50 
pAJoC 


VCM 
Common-mode 
voltage 
V+=30V 
0 
V+-1.5 
V 


range3 
Over temp., V+=30V 
0 
V+-2.0 
V 


CMRR 
Common-mode 
rejection ratio 
V+=30V 
65 
85 
dB 


VOH 
Output voltage swing 
RL;,,2kn, V+-30V, 
26 
V 
over temp. 


RL;,,10kn, V+=30V, 
27 
28 
V 
over temp. 


VOL 
Output voltage swing 
RL;,,10kn, over temp. 
5 
20 
mV 


RL=00,V+=30V 
0.5 
1.0 
mA 
Icc 
Supply current 
RL=00on all amplifiers, 
0.6 
1.2 
mA 
over temp .• V+ =30V 


RL;,,2kn. VOUT±10V, 


V+=15V 
25 
100 
V/mV 
AVOL 
Large-signal 
voltage gain 
(for large Va swing) 
15 
VlmV 


over temp. 


PSRR 
Supply voltage rejection ratio 
Rs=On 
65 
100 
dB 


Amplifier-to-amplifier 
coupling4 
f= 1kHz to 20kHz (input referred) 
-120 
dB 


lOUT 


Output current 
VIN.=+ 1VDC,VIN.=OVOC. 
20 
40 
mA 
Source 
V+=15Voc 


VIN.=+1VDC. VIN.=OVOC, 
10 
20 
mA 
V+=15Voc, 
over temp. 


Sink 
VIN-=+1Voc. VIN.=OVOC, 
10 
20 
mA 
V+=15Voc 


VIN-=+1Voc, VIN.=OVOC, 
5 
8 
mA 
V+=15Voc, over temp. 


VIN.=OV. VIN.=+1VOC. 
12 
50 
JlA 
Vo=200mV 


Isc 
Short circuit currentS 
40 
60 
mA 


Differential input voltage6 
V+ 
V 


GBW 
Unity gain bandwidth 
TA=25°C 
1 
MHz 
I 
SR 
Slew rate 
TA=25°C 
0.3 
V//lS 
I 
VNOISE 
Input noise voltage 
TA=25°C, f=1kHz 
40 
nV/vHz 
1 
NOTES: 
1. Va = 1.4V, Rs=On with V+ from 5V to 30V; and overthe 
full input common-mode 
range (OV to V+ -1.5V). 


2. 
The direction of the input current is out of the IC due to the PNP input stage. This current is essentially 
constant, independent 
of the state of 


the output so no loading change exists on the input lines. 


3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V The upper end of the 


common-mode 
voltage range is V+ -1.5V, but either or both inputs can go to +32V without damage. 
4. 
Due to proximity of external components, 
insure that coupling is not originating via stray capacitance 
between these external parts. This 


typically can be detected as this type of capacitance 
coupling increases at higher frequencies. 


5. 
Short-circuits 
from the output to V+ can cause excessive heating and eventual destruction. 
The maximum output current is approximately 


40mA independent 
of the magnitude 
of V+. At values of supply voltage in excess of +15Voc, continuous 
short-circuits 
can exceed the power 
dissipation 
ratings and cause eventual destruction. 
6. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 


common-mode 
voltage range is V+ -1.5V, but either or both inputs can go to +32Voc without damage. 


Supply Current 
Current Limiting 
Voltage Gain 


4 
90 
160 
- 
e.> 
eo 
0 
RL+20kn 
'" 
<:> 
~120 
.§. 
3 
0 
70 
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I 
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::> 
20 
0 
Q. 
0 
~ 
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'" 
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I 
I 
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10 


0 


0 
10 
0 
0 
20 
30 
40 
55 
35 
-15 
5 
25 
45 
65 
85 105 125 
0 
'0 
20 
30 
40 


SUPPLY 
VOLTAGE 
(VDcl 
TEMPERATURE 
('C) 
SUPPLY 
VOLTAGE 
(VDC) 


OPl21108 
OP12UOS 
OP1213111 


Open-Loop 
Frequency 
Large-Signal 
Frequency 
Voltage-Follower 


Response 
Response 
~ 
Response 


'40 
20 
w 
4 


,~ 


~ 


" 
RLs2Kv+ 
'5VDC 
o.,~, 
- 
- 
- 
~ 
3 
120 


~ 
~ 
~ 
I 
VIN 
- 
'5 - 


~IN 
"- 
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/ 
\ 
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~ 
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3 
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DESCRIPTION 
The AU2904 consists of two independent, 
high-gain, internally frequency-compensated 
operational 
amplifiers designed specifically to 


operate from a single power supply over a 
wide range of voltages. Operation from dual 
power supplies is also possible, and the low 
power supply current drain is independent 
of 


the magnitude of the power supply voltage. 


UNIQUE 
FEATURES 
In the linear mode the Input common-mode 
voltage range includes ground and the output 
voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 


The unity gain crossover frequency and the 
input bias current are 
tem pera ture-compen sated. 


• Internally frequency-compensated 
for unity 


gain 


• Large DC voltage gain: 100dB 


• Wide bandwidth (unity gain): 1MHz 


(temperature-compensated) 


• Wide power supply range Single supply: 


3VDC to 30Voc or dual supplies: ±1.5VDC 
to ±15Voc 


• Very low supply current drain (400flA): 
essentially 
independent 
of supply voltage 
(1mW/op amp at +5VDC) 


• Low input bias current: 45nADC 
(tem perature-com pen sated) 


• Low input offset voltage: 2mVoc and offset 


current: 5nADC 


• Differential input voltage range equal to the 


power supply voltage 


• Large output voltage: OVDCto V+-1.5VDC 


swing 


OUTPUT A 


IN~~~~r~ 
2 


NONINV 
INPUT A 
v- 
4 


7 
OUTPUTB 


6 
INVERTING 
INPUT B 


NONINV 
INPUT B 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
-40 to +125°C 
AU2904N 


8-Pin Plastic SO 
-40 to +125°C 
AU2904D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage V+ 
320r±16 
Voc 


Differential input voltage 
32 
Voc 


V1N 
Input voltage 
-0.3 to +32 
Voc 


POMAX 
Maximum power dissipation, 


TA;25°C(still-air)1 


N package 
1160 
mW 


D package 
780 
mW 


Output short-circuit 
to GND5 


V+<15Voc 
and TA;25°C 
Continuous 


TA 
Operating ambient temperature 
range 


AU2904 
-40 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLO 
Lead soldering temperature 
(1Osec max) 
300 
°C 


NOTES: 
1. 
Derate above 25°C at the following rates: 
N package at 9.3mW/oC 
D package at 6.2mW/oC 


DC ELECTRICAL 
CHARACTERISTICS 


TA;25°C 
V+ ;+5V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2904 
UNIT 


Min 
Typ 
Max 


Vas 
Offset voltage 1 
Rs;OQ 
±2 
±7 
mV 


Rs;OQ, over temp. 
±9 
mV 


Vas 
Drift 
Rs;OQ, over temp. 
7 
JlVloC 


los 
Offset current 
IIN(+)-IIN(-) 
±5 
±50 
nA 


Over temp. 
±150 
nA 


los 
Drift 
Over temp. 
10 
pAJOC 


IB1AS 
Input current2 
IIN(+) or IIN(-) 
45 
250 
nA 


Over temp., IIN(+) or IIN(-) 
40 
500 
nA 


IB1AS 
Drift 
Over temp. 
50 
pAJOC 


VCM 
Common-mode 
voltage range3 
V+;30V 
0 
V+-l.5 
V 


Over temp., V+;30V 
0 
V+-2.0 
V 


CMRR 
Common-mode 
rejection ratio 
V+;30V 
65 
70 
dB 


VOH 
Output voltage swing 
RL~2kQ, V+;30V, 
26 
V 
over temp. 


RL~10kQ, V+;30V, 
27 
26 
V 
over temp. 


VOL 
Output voltage swing 
RL~10kQ, Over temp. 
5 
20 
mV 


RL;oo, V+;30V 
0.5 
1.0 
mA 
Icc 
Supply current 
RL;00 
on all amplifiers, 
0.6 
1.2 
mA 
Over temp., V+;30V 


RL~2kQ, VOUT±10V, 


AVOL 
Large-signal 
voltage gain 
V+;15V 
25 
100 
V/mV 


Over temp. 
15 
VlmV 


PSRR 
Supply voltage rejection ratio 
Rs;OQ 
65 
100 
dB 


Amplifier-to-amplifier 
coupling4 
f; 1kHz to 20kHz 
-120 
dB 
(input referred) 


lOUT 
Output current source 
V1N.-+ 1Voc, V1N_-OVOC,V+- 15Voc 
20 
40 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2904 
UNIT 


Mln 
Typ 
Max 


V1N.=+1VOC.VIN.=OVOC.V+=15Voc. 
10 
20 
mA 
over temp. 


Sink 
VIN.=+1VOC,VIN.=OVOC.V+=15Voc 
10 
20 
mA 


VIN·=+1VOC.VIN.=OVOC.V+=15Voc. 
5 
8 
mA 
over temp. 


VIN.=OV. VIN.=+1VOC, Vo=200mV 
12 
50 
!1A 


Isc 
Short circuit currents 
40 
60 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2904 
UNIT 


Min 
Typ 
Max 


Differential input voltage3 
V+ 
V 


GBW 
Unity gain bandwidth 
TA=25°e 
1 
MHz 


SR 
Slew rate 
TA=25'e 
0.3 
V/JJS 


VNOISE 
Input noise voltage 
TA=25°e f=1kHz 
40 
nVl-JHz 


NOTES: 
1. 
Vo = 1.4V. Rs=On with Vcc from 5V to 30V and over full input common-mode 
range (OVoc+ to Vcc-1.5V). 
2. 
The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant. independent 
of the state of 


the output so no loading change exists on the input lines. 


3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode 
voltage range is V+-1.5, but either or both inputs can go to +32V without damage. 


4. 
Due to proximity of external components, 
insure that coupling is not originating via stray capacitance 
between these external parts. This 
typically can be detected as this type of coupling increases at higher frequencies. 


5. 
Short-circuits 
from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 
40mA independent 
of the magnitude of V +. At values of supply voltage in excess of +15Voc• continuous 
short-circuits 
can exceed the power 
dissipation ratings and cause eventual destruction. 
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Matched quad high-performance low-voltage 
operational amplifier 


DESCRIPTION 
The NElSAS234 is a matched, low voltage, 
high performance 
quad operational 
amplifier. 
Among its unique input and output 
characteristics 
is the capability for both input 


and output rail-to-rail operation, particularly 
critical in low voltage applications. 
The 
output swings to less than SOmV of both rails 
across the entire power supply range. 
The 
NE/SAS234 is capable of delivering S.SV 
peak-to-peak 
across a 600n 
load and will 


typically draw only 700flA per amplifier. 
The 
bandwidth is 2.5MHz and the 1% settling time 
is 1.4l'S. 


• Wide common-mode 
input voltage range: 


2S0mV beyond both rails 


• Output swing within SOmV of both rails 


• Functionality 
to 1.8V typical 


• Low current consumption: 
700flA per 
amplifier 


• ±1SmA output current capability 


• Unity gain bandwidth: 
2.SMHz 


• Slew rate: 0.8V/l'S 


• Low noise: 
2SnVf'lHz 


• Electrostatic discharge protection 


• Short-circuit 
protection 


• Output inversion prevention 


APPLICATIONS 


• Automotive electronics 


• Signal conditioning and sensing 


amplification 


• Portable instrumentation 


- 
Test and measurement 


- 
Medical monitors and diagnostics 


- 
Remote meters 


• Audio equipment 


• Security systems 


• Communications 


- 
Pagers 


- 
Cellular telephone 


- 
LAN 


- 
5V Datacom bus 


• Error amplifier in motor drives 


• Transducer buffer amplifier 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic SO 
o to +70oC 
NE5234D 


14-Pin Plastic DIP 
o to +70oC 
NE5234N 


14-Pin Plastic SO 
-40 to +8SoC 
SAS234D 


14-Pin Plastic DIP 
-40 to +8SoC 
SAS234N 


Matched quad high-performance low-voltage 
operational amplifier 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Single supply voltage 
7 
V 


ESD protection voltage at any pins 
VESD 
human body model 
2000 
V 
robot model 
200 
V 


Vs 
Dual supply voltage 
±3.5 
V 


VDP 
Voltage at any device pin 1 
Vs±0.5 
V 


IDP 
Current into any device pin 1 
±50 
mA 


V1N 
Differential input voltage2 
0.5 
V 


VCM 
Common-mode 
input voltage (positive) 
Vcc+0.5 
V 


VCM 
Common-mode 
input voltage (negative) 
VEE- 0.5 
V 


PD 
Power dissipation3 
500 
mW 


TJ 
Operating junction temperature3 
+150 
°c 


Vsc 
Supply voltage allowing indefinite output short 
7 
V 
circuit to either rail3.4 


TSTG 
Storage temperature 
range 
-65 to +150 
°c 


TSCLD 
Lead soldering temperature 
(1Osec max) 
+300 
°c 


9JA 
Thermal impedance 


14 pin Plastic DIP 
80 
°CIW 


14 pin Plastic SO 
115 
°CIW 


NOTES: 
1. 
Each pin is protected by ESD diodes. 
The voltage at any pin is limited by tihe ESD diodes. 
2. 
The differential input of each amplifier is limited by two internal diodes, connected 
in parallel and opposite to each other. 
For more differential 
input range, use differential 
resistors in series with the input pins. 
3. 
The maximum operating junction temperature 
is +150°C. 
At elevated temperatures, 
devices must be derated according to the package ther- 
mal resistance and device mounting conditions. 
Derates above +25°C: 
F package at6.7mWf'C; 
N package at9.5mWf'C; 
D package at 
6.25mWf'C. 
4. 
Simultaneous 
short circuits of two or more amplifiers to the positive or negative rail can exceed the power dissipation 
ratings and cause 
eventual destruction 
of tihe device. 


5. 
Guaranteed 
by design. 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Single supply voltage 
+2 to +5.5 
V 


Vs 
Dual supply voltage 
±1to±2.75 
V 


VCM 
Common-mode 
input voltage (positive) 
Vcc +0.25 
V 


VCM 
Common-mode 
input voltage (negative) 
VEE- 0.25 
V 


TA 
Temperature 


NE 
o to +70 
°c 


SA 
-40 to +85 
°c 


Matched quad high-performance 
low-voltage 
operational amplifier 


DC ELECTRICAL CHARACTERISTICS 
vcc = 2to 5.5V, VEE = OV, TA = 25°C; VEE < VCM< Vcc; unless otherwise stated. 


LIMITS 


NE5234 
SA5234 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


Icc 
Supply current 
Vcc = 5.5V 
2.8 
3.5 
2.8 
3.5 
mA 


Vcc = 5.5V over full 
3.0 
4.2 
3.2 
4.3 
mA 
temperature 
range 


Vos 
Offset voltage 
±O.2 
±4 
±O.2 
±4 
mV 


Over full temperature 
±O.4 
±5 
±O.6 
±5 
mV 
range 


t"vosl6T 
Offset voltage drift with 
4 
4 
IlVf'C 
temperature 


6Vos 
Offset voltage difference 
0.4 
3 
0.4 
3 
mV 
between any amplifiers in 


the same package at the 
Over full temperature 
0.8 
4 
1.2 
4 
mV 
same common mode leveil 
range 


los 
Offset current 
±3 
±20 
±3 
±30 
nA 


Over full temperature 
±4 
±30 
±6 
±60 
nA 
range 


610s/6T 
Offset current drift with 
0.02 
±.3 
0.03 
±.3 
nAf'C 
temperature 


VEE < VCM< VEE+0.5V 
-150 
-90 
-150 
-90 
nA 


Ie 
Input bias current1 
Over full temperature 
-175 
-100 
-200 
-150 
nA 
range 


VEE +1V < VCM< Vcc 
25 
70 
25 
75 
nA 


Over full temperature 
35 
100 
35 
120 
nA 
range 


61e/6T 
Input bias current drift with 
0.5 
0.5 
nAloC 
temperature 


Input bias current difference 
VEE < VCM< VEE+0.5V 
10 
30 
10 
30 
nA 


61e 
between any amplifier in the 
Over full temperature 
25 
50 
50 
70 
nA 
same package at the same 
range 


common mode level. 
VEE +1V < VCM < Vcc 
5 
20 
5 
20 
nA 


Over full temperature 
15 
30 
25 
50 
nA 
range 


VCM 
Common-mode 
input range 
Voss6mV 
VEE-0.25 
Vcc+0.25 
VEE-0.25 
Vcc+0.25 
V 


Vos s 6mV over full 
VEE-0.1 
Vcc+0.1 
VEE-0.1 
Vcc+0.1 
V 
temperature 
range 


Common-mode 
rejection 
VEE < VCM< VEE+0.5V, 
100 
90 
100 
dB 
ratio, small signal 
VEE+1V < VCM < Vcc 


CMRR 
Over full temperature 
100 
80 
90 
dB 
range 


Common-mode 
rejection 
VEE < VCM < Vcc 
90 
100 
dB 
ratio, large signal 


Over full temperature 
80 
90 
dB 
range 


PSRR 
Power supply rejection ratio 
VEE < VCM < Vcc 
80 
100 
80 
100 
dB 
Over full temperature 
80 
90 
80 
90 
dB 
range 


Matched quad high-performance 
low-voltage 
operational amplifier 


LIMITS 


NE5234 
SA5234 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


IL 


Peak load current, sink and 
10 
12 
10 
12 
mA 
source 


Over full temperature 
5 
8 
5 
8 
mA 
range 


AVOL 
Open-loop 
voltage gain 
90 
110 
90 
110 
dB 


Over full temperature 
90 
90 
dB 
range 


IpEAK=0.1mA 
VEE+0.05 
Vcc-0.05 
VEE+0.1 
Vcc-0.1 
V 


Output voltage swing 
IpEAK= 10mA 
VEE+0.25 
Vcc-0.25 
VEE+0.25 
Vcc-0.25 
V 


VOUT 
IpEAK= 5mA over full 
VEE+0.22 
Vcc-0.2 
VEE+0.2 
Vcc-0.2 
V 
temp range 


Output voltage swing for 
Vcc = 2.75V, VEE = -2.75V 
RL = 2kn 
VEE+0.2 
Vcc-0.2 
VEE+0.2 
Vcc-0.2 
V 


RL =600Q, 


VEE+0.25 
Vcc-0.25 
VEE+0.25 
Vcc-0.25 
V 


NOTES: 
1. These parameters 
are measured for VEE < VCM< VEE+.5V and for VEE+1V < VCM < Vcc. 
By design these parameters 
are intermediate 
for 


common mode ranges between the measured regions. 


AC ELECTRICAL 
CHARACTERISTICS 


TA = +25°C; Vcc = 2to 5.5V; RL = 10k; CL = 100pF; unless otherwise stated. 


LIMITS 


NE5234 
SAlSE5234 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


SR 
Slew rate 
Over full temperature 
.5 
0.8 
.5 
0.8 
V/Jls 
range 


BW 
Unity gain bandwidth: 
-3dB 
Over full temperature 
2 
2.5 
4.0 
2 
2.5 
4.0 
MHz 
range 


8M 
Phase Margin 
CL = 50pF 
55 
55 
deg 


ts 
1% settling time 
Av = 1, 1V step 
1.4 
1.4 
Jls 


VN 
Input referred voltage noise 
Av = 1, Rs = OQ, at 
25 
25 
nVI 


1kHz 
HZll2 


THD 
Total harmonic distortion 
10kHz, 1Vp.p, Av = 1 
0.1 
0.1 
% 


Section 2 
High Frequency/Video Amplifiers 


NElSA5204A 


NEISAI 
SE5205A 


NElSA5209 


NElSA5219 


NElSE5539 


NE5592 


NE592 


1lA7331733C 


Wide-band high-frequency 
amplifier 
...............•...... 
108 


Wideband variable gain amplifier 
. . . . . . . . . . . • • . . . . . . . . . .. 
118 


Wideband variable gain amplifier 
. . . . . . . . . . . • . . . . . • . . . . .. 
133 


High frequency operational amplifier 
.........•.....•..... 
146 


Video amplifier 
. . . . . . . . . . . . . . . . • • . . . . . • . . . . . • . . .. 
154 


Video amplifier 
. . • . . . . . . . . . . . . • . . .. 
159 


Differential video amplifier 
167 


DESCRIPTION 
The NE/SAS204A family of wideband 
amplifiers replaces the NE/SAS204 family. 
The 'A' parts are fabricated 
on a rugged 2~m 
bipolar process featuring excellent statistical 
process control. 
Electrical performance 
is 
nomically identical to the original parts. 


The NE/SAS204A is a high-frequency 
amplifier with a fixed insertion gain of 20dB. 
The gain is flat to ±O.SdB from DC to 
200M Hz. The -3dB bandwidth 
is greater than 
3S0MHz. This performance 
makes the 
amplifier ideal for cable TV applications. 
The 
NE/SAS204A operates with a single supply of 
6V, and only draws 2SmA of supply current, 
which is much less than comparable 
hybrid 


parts. The noise figure is 4.8dB in a 7SQ 
system and 6dB in a SOQsystem. 


The NE/SAS204A is a relaxed version of the 
NES20S. Minimum guaranteed 
bandwidth 
is 
relaxed to 3S0MHz and the "SOparameter 
MinIMax limits are specified as typicals only. 


Until now, most RF or high-frequency 
designers had to settle for discrete or hybrid 
solutions to their amplification 
problems. Most 
of these solutions required trade-offs that the 
designer had to accept in order to use 
high-frequency 
gain stages. These include 
high power consumption, 
large component 


count, transformers, 
large packages with heat 
sinks, and high part cost. The NE/SAS204A 
solves these problems by incorporating 
a 
wideband amplifier on a single monolithic 
chip. 


The part is well matched to SOor 7SQ input 
and output impedances. 
The standing wave 
ratios in SOand 7SQ systems do not exceed 
1.S on either the input or output over the 
entire DC to 3S0MHz operating range. 


Since the part is a small, monolithic 
IC die, 


problems such as stray capacitance 
are 
minimized. The die size is small enough to fit 
into a very cost-effective 
8-pin small-outline 


(SO) package to further reduce parasitic 
effects. 


No external components 
are needed other 
than AC-coupling 
capacitors because the 


NE/SAS204A is internally compensated 
and 
matched to SOand 7SQ. The amplifier has 
very good distortion specifications, 
with 


second and third-order intermodulation 
intercepts of +24dBm and +17dBm, 
respectively, at 100MHz. 


The part is well matched for SOQtest 
equipment 
such as signal generators, 
oscilloscopes, 
frequency counters, and all 


kinds of signal analyzers. Other applications 
at SOQinclude mobile radio, CB radio, and 
data/video transmission 
in fiber optics, as 
well as broadband 
LANs and telecom 


systems. A gain greater than 20dB can be 
achieved by cascading additional 
NE/SAS204As 
in series as required, without 
any degradation 
in amplifier stability. 


FEATURES 


• Bandwidth (min.) 
200 MHz, ±O.SdB 
3S0 MHz, -3dB 


• 20dB insertion gain 


• 4.8dB (6dB) noise figure ZO=7SQ 
(ZO=SOQ) 


• No external components 
required 


• Input and output impedances 
matched to 


SOl7SQ 
systems 


• Surface-mount 
package available 


• Cascadable 


• 2000V ESD protection 


• Antenna amplifiers 


• Amplified 
splitters 


• Signal generators 


• Frequency counters 


• Oscilloscopes 


• Signal analyzers 


• Broadband LANs 


• Networks 


• Modems 


• Mobile radio 


• security 
systems 


• Telecommunications 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
NES204AN 


--40 to +8S0C 
SAS204AN 


8-Pin Plastic SO package 
o to +70°C 
NES204AD 


--40 to +8S0C 
SAS204AD 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
9 
V 


VIN 
AC input voltage 
5 
VP-f' 


TA 
Operating 
ambient temperature 
range 


NE grade 
o to +70 
°C 


SA grade 
-40 to +85 
°C 


POMAX 
Maximum power dissipation 1.2 
TA=25°C(still-air) 


N package 
1160 
mW 


D package 
780 
mW 


TJ 
Junction temperature 
150 
°C 


TSTG 
Storage temperature 
range 
-55 to +150 
°C 


TSOLO 
Lead temperature 
300 
°C 
(soldering 60s) 


NOTES: 
1. 
Derate above 25°C. at the following rates 
N package at 9.3mW/oC 
D package at 6.2mW/oC 
2. 
See "Power Dissipation Considerations" 
section. 


R, 
R2 


Ro 


VOUT 


02 


VIN 
0, 
R3 


RE2 


RE' 


RF2 


DC ELECTRICAL 
CHARACTERISTICS 


Vee;6V, 
ZS;ZL ;Zo;50n 
and TA;25°C, 
in all packages, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Vee 
Operating 
supply voltage range 
Over temperature 
5 
8 
V 


Ice 
Supply current 
Over temperature 
19 
25 
33 
mA 


S21 
Insertion gain 
f; 1OOMHz, over temperature 
16 
19 
22 
dB 


S11 
Input return loss 
f;100MHz 
25 
dB 


DC-550MHz 
12 
dB 


S22 
Output return loss 
f;100MHz 
27 
dB 


DC -550MHz 
12 
dB 


S12 
Isolation 
f;100MHz 
-25 
dB 


DC -550MHz 
-18 
dB 


BW 
Bandwidth 
±0.5dB 
200 
350 
MHz 


BW 
Bandwidth 
-3dB 
350 
550 
MHz 


Noise figure (75n) 
f;100MHz 
4.8 
dB 


Noise figure (50n) 
f;100MHz 
6.0 
dB 


Saturated output power 
f;100MHz 
+7.0 
dBm 


1dB gain compression 
f;100MHz 
+4.0 
dBm 


Third-order 
intermodulation 
f;100MHz 
intercept (output) 
+17 
dBm 


Second-order 
intermodulation 
f;100MHz 
intercept (output) 
+24 
dBm 


tR 
Rise time 
500 
ps 


tp 
Propagation 
delay 
500 
ps 
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Figure 
2. Noise Figure 
vs Frequency 
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Figure 3. Insertion 
Gain vs Frequency 
(521) 


11 
10 
9 
8 
7 
~ ~ 
j 
4 
~ ~ 
...• 1 
•• 0 
::> 
-1 


I!: -2 
5-3 


-4 
-5 
-II 


'0' 
6 
8 102 
4 
6 
8 103 


FREQUENCY-MHz 


Saturated Output Power vs Frequency 
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Figure 6. 1dB Gain Compression 
vs Frequency 
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Figure 7. Second-Order 
Output Intercept 
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Figure 10. Output V5WR vs Frequency 


2.0 


1.9 


1.8 I--- 
TA = 25"C 


a: 
1.7 
f:::= 
,VCC = 6V 


~ 
1.6 
> 
~ 
1.5 
::> 
~ 
1.4 


1.3 


40 
11 


35 
~ ~ 30 
...J 
...J 
~ ~ 25 
::> 
l- 
I- 
W 
W a: 
a: 
I- 
20 
I- 
::> 
::> 
0. 
0. 
I- 


Z 
::> 
15 
- 
0 


1"'-0... 


....••r:::: 


OUTPUT 


_ 
VCC=6V 
~ 


Zo= son 
INPUT ~ 
TA:::2S-C 


I 
- 


II 
I 
zo= 
son 


TA=25°C 


Vcc::: 
6V 
-- 


,..1 


~ 


a3 -15 
1 
o 
1=-20 
So 
!Q 


6 8102 


FREQUENCY-MHz 
FREQUENCY-MHz 


Figure 11. Input (511) and Output (522) Return Loss 


vs Frequency 
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THEORY 
OF OPERATION 


The design is based on the use of multiple 
feedback loops to provide wide-band 
gain 


together with good noise figure and terminal 
impedance 
matches. Referring to the circuit 
schematic in Figure 15, the gain is set 
primarily by the equation: 


VOUT 
= (RF' + RE1) / 
REl 


V'N 


which is series-shunt 
feedback. There is also 


shunt-series 
feedback due to RF2 and RE2 


which aids in producing wide-band 
terminal 


impedances 
without the need for low value 


input shunting resistors that would degrade 
the noise figure. For optimum noise 
performance, 
RE1and the base resistance 
of 
0, are kept as low as possible, while RF2is 
maximized. 


The noise figure is given by the following 
equation: 


[ 


['b + REl + 2 ~T 
]) 


NF = 10Log 
1 + 
Ro 
QC1 
dB (2) 


where Ic,=5.5mA, 
RE,=12n, 
rb=130n, 
KT/q=26mV 
at 25°C and Ro=50 for a 50n 


system and 75 for a 75n system. 


The DC input voltage level VIN can be 
determined 
by the equation: 


VIN=VsE,+(lc,+!c3) 
RE1(3) 


where RE,=12n, 
VSE=0.8V, IC1=5mA and 
IC3=7mA (currents rated at Vcc=6V). 


Under the above conditions, VIN is 
approximately 
equal to 1V. 


Level shifting is achieved by emitter-follower 
03and diode 04, which provide shunt 
feedback to the emitter of 0, via RFI. The 
use of an emitter-follower 
buffer in this 
feedback loop essentially eliminates 
problems of shunt-feedback 
loading on the 
output. The value of RF1=140n is chosen to 
give the desired nominal gain. The DC output 
voltage VOUTcan be determined by: 


VOUT=Vcc-{lc2+ Ics)R2 ,(4) 


where Vcc=6V, R2=225n. IC2=8mA and 
IC6=5mA. 


From here, it can be seen that the output 
voltage is approximately 
3.1V to give 
relatively equal positive and negative output 
swings. Diode as is included for bias 
purposes to allow direct coupling of RF2to 
the base of a,. The dual feedback loops 
stabilize the DC operating point of the 
amplifier. 


The output stage is a Darlington pair (06 and 
O2) which increases the DC bias voltage on 


the input stage (0,) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors L, 
and L2 are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high-frequency 
impedance 
matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 


POWER 
DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature, 
the engineer should consider the power 
dissipation capabilities 
of each package. 


At the nominal supply voltage of 6V, the 
typical supply current is 25mA (32mA max). 
For operation at supply voltages other than 
6V. see Figure 1 for Ice versus Vcc curves. 
The supply current is inversely proportional 
to 
temperature 
and varies no more than 1mA 
between 25°C and either temperature 
extreme. The change is 0.1 % per °C over the 
range. 


The recommended 
operating temperature 


ranges are air-mount 
specifications. 
Better 
heat-sinking 
benefits can be realized by 
mounting the SO and N package bodies 
against the PC board plane. 


R2 
L2 
225 
Ro 
vour 
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140 
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12 
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PC BOARD 
MOUNTING 
In order to realize satisfactory 
mounting of 


the NE5204A to a PC board, certain 
techniques 
need to be utilized. The board 


must be double-sided 
with copper and all pins 
must be soldered to their respective areas 
(i.e., all GND and Vcc pins on the package). 
The power supply should be decoupled with a 
capacitor as close to the Vcc pins as 
possible, and an RF choke should be inserted 
between the supply and the device. Caution 
should be exercised in the connection 
of input 


and output pins. Standard microstrip should 
be observed wherever 
possible. There should 


be no solder bumps or burrs or any 
obstructions 
in the signal path to cause 
launching problems. The path should be as 
straight as possible and lead lengths as short 
as possible from the part to the cable 
connection. Another important consideration 
is that the input and output should be 
AC-coupled. 
This is because at Vcc=6V, the 
input is approximately 
at 1V while the output 
is at 3.1 V. The output must be decoupled 
into 


a low-impedance 
system, or the DC bias on 
the output of the amplifier will be loaded 
down, causing loss of output power. The 
easiest way to decouple the entire amplifier is 
by soldering a high-frequency 
chip capacitor 


directly to the input and output pins of the 
device. This circuit is shown in Figure 16. 
Follow these recommendations 
to get the 


best frequency 
response and noise immunity. 


The board design is as important as the 
integrated circuit design itself. 


SCATTERING 
PARAMETERS 


The primary specifications 
for the NE5204A 


are listed as S-parameters. 
S-parameters 
are 


measurements 
of incident and reflected 


currents and voltages between the source, 


1--0 
vOUT 


AC 


COUPLING 
CAPACITOR 


Figure 
16. Circuit 
Schematic 
for 
Coupling 
and Power Supply 
Decoupling 


amplifier, and load as well as transmission 
losses. The parameters for a two-port 
network are defined in Figure 17. 


Actual 5-parameter 
measurements 
using an 


HP network analyzer (model 8505A) and an 
HP 5-parameter 
tester (models 8503NB) 
are 


shown in Figure 18. 


Values for the figures below are measured 
and specified in the data sheet to ease 
adaptation and comparison of the 
NE/SN5E5204A 
to other high-frequency 


amplifiers. 
The most important parameter is 521. It is 
defined as the square root of the power gain, 
and, in decibels, is equal to voltage gain as 
shown below: 


POUT + vouf 


Zo 


POUT 


•.. 
PIN 
vouf 


= 
vlif 


PI=VI2 


PI=lnsertion 
Power Gain 


VI=lnsertion 
Voltage Gain 


Measured value for the 
NE/SN5E5204A 
= 1521 12= 
100 


".PI 
= P~I~T 
= 1 ~, 
12 
= 100 


and VI = 
VOUT 
= fPt 
= ~, 
= 10 
VIN 


In decibels: 


PI(dB)=10 Log 
I 521 
12 = 20dB 


VI(dB)= 20 Log 521 = 20dB 


:. PI(dB)= V1(dB)= 521(dB) = 20dB 


Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 19. The VSWR 
can be seen to be below 1.5 across the entire 
operational 
frequency 
range. 


Relationships 
exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships 
are as 


follows: 
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c. Isolation 
vs Frequency 
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d. 5'2 Isolation 
vs Frequency 
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e. Input (5,,) 
and Output 
(522) Return 
Loss 
f. Input (5,,) 
and Output 
(522) Return 
Loss 
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Figure 
18. 
vs Frequency 
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1DB GAIN COMPRESSION 
AND 
SATURATED 
OUTPUT 
POWER 
The 1dB gain compression 
is a measurement 


of the output power level where the 
small-signal 
insertion gain magnitude 
decreases 
1dB from its low power value. The 
decrease is due to nonlinearities 
in the 


amplifier, an indication of the point of 
transition between small-signal 
operation and 
the large signal mode. 


The saturated output power is a measure of 
the amplifier's 
ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily 


overdriven. This includes the sum of the 
power in all harmonics. 


INTER MODULATION 
INTERCEPT 
TESTS 
The intermodulation 
intercept is an 


expression 
of the low level linearity of the 
amplifier. The intermodulation 
ratio is the 
difference in dB between the fundamental 
output signal level and the generated 
distortion product level. The relationship 
between intercept and intermodulation 
ratio is 
illustrated in Figure 20, which shows product 
output levels plotted versus the level of the 
fundamental 
output for two equal strength 


output signals at different frequencies. 
The 
upper line shows the fundamental 
output 
plotted against itself with a 1dB to 1dB slope. 
The second and third order products lie below 
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~ 
1.7 
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!5 1.5 
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1.1 


the fundamentals 
and exhibit a 2:1 and 3:1 


slope, respectively. 


The intercept point for either product is the 
intersection 
of the extensions of the product 


curve with the fundamental 
output. 


The intercept point is determined 
by 
measuring the intermodulation 
ratio at a 


single output level and projecting along the 
appropriate 
product slope to the point of 


intersection with the fundamental. 
When the 
intercept point is known, the intermodulation 
ratio can be determined 
by the reverse 


process. The second order IMR is equal to 
the difference between the second order 
intercept and the fundamental 
output level. 


The third order IMR is equal to twice the 
difference between the third order intercept 
and the fundamental 
output level. These are 


expressed as: 
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IP2=POUT+IMR2 


IP3=POUT+IMR3"2 


where POUTis the power level in dBm of each 
of a pair of equal level fundamental 
output 
signals, IP2 and IP3 are the second and third 
order output intercepts in dBm, and IMR2 and 
IMR3 are the second and third order 
intermodulation 
ratios in dB. The 


intermodulation 
intercept is an indicator of 


intermodulation 
performance 
only in the small 
signal operating range of the amplifier. Above 
some output level which is below the 1dB 
compression 
point, the active device moves 


into large-signal 
operation. At this point the 
intermodulation 
products no longer follow the 
straight line output slopes, and the intercept 
description 
is no longer valid. It is therefore 


important to measure IP2 and IP3 at output 
levels well below 1dB compression. 
One 


a. Input VSWR vs Frequency 
b. Output 
VSWR vs Frequency 


Figure 
19. Input/Output 
VSWR vs Frequency 


must be careful, however, not to select too 
low levels because the test equipment 
may 
not be able to recover the signal from the 
noise. For the NE/SA5204A 
we have chosen 
an output level of-10.5dBm 
with 
fundamental 
frequencies 
of 100.000 and 
100.01 MHz, respectively. 


ADDITIONAL 
READING 
ON 


SCATTERING 
PARAMETERS 
For more information 
regarding 
S-parameters, 
please refer to 
High-Frequency 
Amplifiers 
by Ralph S. 
Carson of the University of Missouri, Rolla, 
Copyright 
1985; published by John Wiley & 
Sons. Inc. 


oS-Parameter 
Techniques 
for 
Faster, 
More 
Accurate Network Design", HP App Note 95-1, 
Richard W. Anderson, 
1967, HP Journal. 


oS-Parameter 
Design", 
HP 
App 
Note 
154, 
1972. 
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DESCRIPTION 
The NE/SAlSE5205A 
family of wideband 


amplifiers replace the NE/SAlSE5205 
family. 


The 'A' parts are fabricated 
on a rugged 21lm 


bipolar process featuring excellent statistical 
process control. 
Electrical performance 
is 


nominally identical to the original parts. 


The NE/SA/SE5205A 
is a high-frequency 


amplifier with a fixed insertion gain of 20dB. 
The gain is flat to ±O.5dB from DC to 
450MHz, and the -3dB bandwidth is greater 
than 600MHz in the EC package. This 
performance 
makes the amplifier ideal for 


cable TV applications. 
For lower frequency 
applications, 
the part is also available in 


industrial standard dual in-line and small 
outline packages. The NE/SAlSE5205A 
operates with a single supply of 6V, and only 
draws 24m A of supply current, which is much 
less than comparable 
hybrid parts. The noise 


figure is 4.8dB in a 75Q system and 6dB in a 
50Q system. 


Until now, most RF or high-frequency 
designers had to settle for discrete or hybrid 
solutions to their amplification 
problems. Most 


of these solutions required trade-offs that the 
designer had to accept in order to use 
high-frequency 
gain stages. These include 
high-power consumption, 
large component 


count, transformers, 
large packages with heat 


sinks, and high part cost. The 
NE/SA/SE5205A 
solves these problems by 
incorporating 
a wide-band 
amplifier on a 
single monolithic chip. 


The part is well matched to 50 or 75Q input 
and output impedances. 
The Standing Wave 


Ratios in 50 and 75Q systems do not exceed 
1.5 on either the input or output from DC to 
the -3dB bandwidth 
limit. 


Since the part is a small monolithic 
IC die, 
problems such as stray capacitance 
are 


minimized. The die size is small enough to fit 
into a very cost-effective 
8-pin small-outline 


(SO) package to further reduce parasitic 
effects. 


No external components 
are needed other 
than AC coupling capacitors 
because the 
NE/SAlSE5205A 
is internally compensated 


and matched to 50 and 75Q. The amplifier 
has very good distortion specifications, 
with 


second and third-order intermodulation 
intercepts of +24dBm and +17dBm 
respectively 
at 100MHz. 


The device is ideally suited for 75Q cable 
television applications 
such as decoder 


boxes, satellite receiver/decoders, 
and 
front-end amplifiers for TV receivers. It is also 
useful for amplified splitters and antenna 
amplifiers. 


The part is matched well for 50Q test 
equipment 
such as signal generators, 


oscilloscopes, 
frequency counters and all 


kinds of signal analyzers. Other applications 
at 50Q include mobile radio, CB radio and 
data/video transmission 
in fiber optics, as 
well as broad-band 
LANs and telecom 
systems. A gain greater than 20dB can be 
achieved by cascading additional 
NE/SAlSE5205As 
in series as required, 
without any degradation 
in amplifier stability. 


FEATURES 


• 600MHz bandwidth 


• 4.8dB (6dB) noise figure ZO=75Q 


(ZO=50Q) 


• No external components 
required 


• Input and output impedances 
matched to 


50/75Q systems 


• Surface mount package available 


• MIL-STD processing available 


• 2000V ESD protection 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70°C 
NE5205AD 


8-Pin Plastic DIP 
o to +70°C 
NE5205AN 


8-Pin Plastic SO 
-40 to +85°C 
SA5205AD 


8-Pin Plastic DIP 
-40 to +85°C 
SA5205AN 


8-Pin Plastic DIP 
-55 to + 125°C 
SE5205AN 


APPLICATIONS 


• 75Q cable TV decoder boxes 


• Antenna amplifiers 


• Amplified splitters 


• Signal generators 


• Frequency counters 


• Oscilloscopes 


• Signal analyzers 


• Broad-band 
LANs 


• Fiber-optics 


• Modems 


• Mobile radio 


• Security systems 


• Telecommunications 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
9 
V 


VAC 
AC input voltage 
5 
Vp_p 


TA 
Operating 
ambient temperature 
range 


NE grade 
o to +70 
°C 


SA grade 
-40 to +85 
°C 


SE grade 
-55 to +125 
°C 


PDMAX 
Maximum power dissipation, 
TA=25°C (still-air) 1,2 
N package 
1160 
mW 
D package 
780 
mW 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


N package at9.3mW/oC 
D package at6.2mW/oC 
2. 
See "Power Dissipation 
Considerations' 
section. 


DC ELECTRICAL 
CHARACTERISTICS 


Vee=6V, ZS=ZL=Zo=50U 
and TA=25°C in all packages, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SES20SA 
NElSA520SA 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vee 
Operating 
supply voltage range 
5 
6.5 
5 
8 
V 
Over temperature 
5 
6.5 
5 
8 
V 


Ice 
Supply current 
20 
25 
32 
20 
25 
32 
mA 
Over temperature 
19 
25 
33 
19 
25 
33 
mA 


S21 
Insertion gain 
f=100MHz 
17 
19 
21 
17 
19 
21 
dB 
Over temperature 
16.5 
21.5 
16.5 
21.5 


S11 
Input return loss 
f=100MHz 
D, N 
25 
25 
dB 


DC - fMAXD, N 
12 
12 
dB 


S22 
Output return loss 
f=100MHz 
D, N 
27 
27 
dB 


DC - fMAX 
12 
12 
dB 


S12 
Isolation 
f=100MHz 
-25 
-25 
dB 


DC -fMAX 
-18 
-18 
dB 


tR 
Rise time 
500 
500 
ps 


tp 
Propagation 
delay 
500 
500 
ps 


BW 
Bandwidth 
±0.5dB D, N 
300 
450 
MHz 


fMAX 
Bandwidth 
-3dB D, N 
550 
MHz 


Noise figure (75U) 
f=100MHz 
4.8 
4.8 
dB 


Noise figure (50U) 
f=100MHz 
6.0 
6.0 
dB 


Saturated output power 
f=100MHz 
+7.0 
+7.0 
dBm 


1dB gain compression 
f=100MHz 
+4.0 
+4.0 
dBm 


Third-order intermodulation 
f=100MHz 
intercept (output) 
+17 
+17 
dBm 


Second-order 
intermodulation 
f=100MHz 
intercept (output) 
+24 
+24 
dBm 
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Figure 5. Saturated Output Power vs Frequency 
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Figure 4. Insertion Gain vs Frequency (52') 
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Figure 8. Third-Order Intercept 
vs Supply Voltage 
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Figure 
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Figure 10. Output 
V5WR vs Frequency 
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THEORY 
OF OPERATION 


The design is based on the use of multiple 
feedback loops to provide wide-band 
gain 
together with good noise figure and terminal 
impedance 
matches. Referring to the circuit 


schematic in Figure 15, the gain is set 
primarily by the equation: 


VOUT 
(RF' 
+ RE') 


V1N 
RE' 


which is series-shunt 
feedback. There is also 
shunt-series 
feedback due to RF2and RE2 
which aids in producing wideband terminal 
impedances 
without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise 
performance, 
RE1and the base resistance of 
0, are kept as low as possible while RF2 is 
maximized. 


The noise figure is given by the following 
equation: 


where ICl=5.5mA, 
RE1=12Q, rb=130Q, 
KT/q=26mV at 25°C and Ro=50 for a 50Q 
system and 75 for a 75Q system. 


The DC input voltage level V1N can be 
determined 
by the equation: 


V1N=VBE1+(Ic1+lc3) RE1 


where RE1=12Q, VBE=0.8V, Ic,=5mA 
and 


IC3=7mA (currents rated at Vcc=6V). 


Under the above conditions, 
V1N is 
approximately 
equal to 1V. 


Level shifting is achieved by emitter-follower 
03 and diode C4 which provide shunt 
feedback to the emitter of 01 via RF1. The 
use of an emitter-follower 
buffer in this 


feedback loop essentially eliminates 
problems of shunt feedback loading on the 
output. The value of RF1=140Q is chosen to 
give the desired nominal gain. The DC output 
voltage VOUTcan be determined 
by: 


where Vcc=6V, R2=225Q, IC2=8mA and 
IC6=5mA. 


From here it can be seen that the output 
voltage is approximately 
3.1 V to give 


relatively equal positive and negative output 
swings. Diode as is included for bias 
purposes to allow direct coupling of RF2to 


the base of 01. The dual feedback loops 
stabilize the DC operating point of the 
amplifier. 


The output stage is a Darlington pair (06 and 
O2) which increases the DC bias voltage on 
the input stage (01) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors L1 
and L2 are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high-frequency 
impedance matches at input 


and output by partially resonating with 0.5pF 
of pad and package capacitance. 


R2 
L2 
22S 
RO 


VOUT 
10 
3nH 


VIN 
l2 
02 


01 
3nH 
R3 
140 


RF. 


140 
RE2 
12 


RE. 


12 


POWER 
DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature, 
the 
engineer 
should 
consider 
the 
power 


dissipation capabilities 
of each package. 


At the nominal supply voltage of 6V, the 
typical supply current is 25mA (32mA Max). 
For operation at supply voltages other than 
6V, see Figure 1 for lcc versus Vcc curves. 
The supply current is inversely proportional 
to 
temperature 
and varies no more than 1mA 


between 25°C and either temperature 
extreme. The change is 0.1 % per over the 
range. 


The recommended 
operating temperature 


ranges are air-mount specifications. 
Better 
heat sinking benefits can be realized by 
mounting the D package body against the PC 
board plane. 


PC BOARD 
MOUNTING 
In order to realize satisfactory mounting of 
the NE5205A to a PC board, certain 
techniques 
need to be utilized. The board 
must be double-sided 
with copper and all pins 


must be soldered to their respective areas 
(i.e., all GND and Vcc pins on the SO 


package). The power supply should be 
decoupled with a capacitor as close to the 
Vcc pins as possible and an RF choke 
should be inserted between the supply and 
the device. Caution should be exercised in 
the connection 
of input and output pins. 
Standard micros trip should be observed 
wherever 
possible. There should be no solder 


bumps or burrs or any obstructions 
in the 


signal path to cause launching problems. The 
path should be as straight as possible and 
lead lengths as short as possible from the 
part to the cable connection. 
Another 


important consideration 
is that the input and 


output should be AC coupled. This is 
because at Vcc=6V. the input is 
approximately 
at 1V while the output is at 
3.1V. The output must be decoupled 
into a 
low impedance 
system or the DC bias on the 
output of the amplifier will be loaded down 
causing loss of output power. The easiest 
way to decouple the entire amplifier is by 
soldering a high frequency chip capacitor 
directly to the input and output pins of the 
device. This circuit is shown in Figure 16. 
Follow these recommendations 
to get the 
best frequency response and noise immunity. 
The board design is as important as the 
integrated circuit design itself. 


SCATTERING 
PARAMETERS 
The primary specifications 
for the 
NE/SA/SE5205A 
are listed as S-parameters. 


S-parameters 
are measurements 
of incident 


and reflected currents and voltages between 
the source. amplifier and load as well as 
transmission 
losses. The parameters for a 


two-port network are defined in Figure 17. 


Actual S-parameter 
measurements 
using an 
HP network analyzer (model 8505A) and an 
HP S-parameter 
tester (models 8503A1B) are 
shown in Figure 18. 


Values for the figures below are measured 
and specified in the data sheet to ease 
adaptation and comparison of the 
NE/SAlSE5205A 
to other high-frequency 


amplifiers. 
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The most important parameter is S21. It is 
defined as the square root of the power gain, 
and, in decibels, is equal to voltage gain as 
shown below: 


Vou-f 


POUT+ZO 


POUT 


••. 
PIN 


PI=VI2 


PI=lnsertion 
Power Gain 


Vt=lnsertion 
Voltage Gain 


Measured value for the 
NE/SAlSE5205A 
= 1521 12= 
100 


".PI 
= ~OUT = 
I S:!, 
12 
= 100 
PIN 


and V, = 
VOUT 
= ./Pi 
= s:!, = 10 


V,N 


In decibels: 


Pt(dB)=10 Log 
1 52112 
= 20dB 


Vt(dB)= 20 Log S21 = 20dB 


:. P1(dB)= Vt(dB)= S21(dB)= 20dB 


Also measured on the same system are the 
respective voitage standing wave ratios. 
These are shown in Figure 19. The V5WR 
can be seen to be below 1.5 across the entire 
operational 
frequency 
range. 


Relationships 
exist between the input and 


output return losses and the voltage standing 
wave ratios. These relationships 
are as 
follows: 
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S11dB~20 Log I S11 1 
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1 S221 
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1dB GAIN COMPRESSION 
AND 
SATURATED 
OUTPUT 
POWER 
The 1dB gain compression 
is a measurement 
of the output power level where the 
small-signal 
insertion gain magnitude 
decreases 
1dB from its low power value. The 


decrease is due to nonlinearities 
in the 


amplifier, an indication of the point of 
transition between small-signal operaticn 
and 
the large signal mode. 


The saturated output power is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily 
overdriven. 
This includes the sum of the 
power in all harmonics. 


INTERMODULATION 
INTERCEPT 
TESTS 
The intermodulation 
intercept is an 


expression 
of the low level linearity of the 


amplifier. The intermodulation 
ratio is the 
difference in dB between the fundamental 
output signal level and the generated 
distortion product level. The relationship 
between intercept and intermodulation 
ratio is 


illustrated in Figure 20, which shows product 
output levels plotted versus the level of the 
fundamental 
output for two equal strength 


output signals at different frequencies. The 
upper line shows the fundamental 
output 


plotted against itself with a 1dB to 1dB slope. 
The second and third order products lie below 
the fundamentals 
and exhibit a 2:1 and 3:1 


slope, respectively. 


The intercept point for either product is the 
intersection 
of the extensions 
of the product 


curve with the fundamental 
output. 


The intercept point is determined 
by 


measuring the intermodulation 
ratio at a 


single output level and projecting along the 
appropriate 
product slope to the point of 
intersection with the fundamental. 
When the 


intercept point is known, the intermodulation 
ratio can be determined 
by the reverse 


process. The second order IMR is equal to 
the difference between the second order 
intercept and the fundamental 
output level. 


The third order IMR is equal to twice the 
difference between the third order intercept 
and the fundamental 
output level. These are 


expressed as: 


IP2=PouT+IMR2 


IP3=POUT+IMR,I2 


where POUTis the power level in dBm of each 
of a pair of equal level fundamental 
output 


signals, IP2 and IP3 are the second and third 
order output intercepts in dBm, and IMR2 and 
IMR3 are the second and third order 
intermodulation 
ratios in dB. The 


intermodulation 
intercept is an indicator of 


intermodulation 
performance 
only in the small 


signal operating range of the amplifier. Above 
some output level which is below the 1dB 
compression 
point, the active device moves 


into large-signal 
operation. At this point the 


intermodulation 
products no longer follow the 
straight line output slopes, and the intercept 
description 
is nc longer valid. It is therefore 


important to measure IP2 and IP3 at output 
levels well below 1dB compression. 
One 


must be careful, however, not to select too 
low levels because the test equipment 
may 


not be able to recover the signal from the 
noise. For the NE/SA/SE5205A 
we have 


chosen an output level of -10.5dBm with 
fundamental 
frequencies 
of 100.000 and 


100.01 MHz, respectively. 
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ADDITIONAL READING ON 
SCATTERING PARAMETERS 
For more information 
regarding 
S-parameters, 
please refer to 
High-Frequency 
Amplifiers 
by Ralph S. 
Carson of the University of Missouri, Rolla, 
Copyright 
1985; published by John Wiley & 
Sons, Inc. 


"S-Parameter 
Techniques 
for 
Faster, 
More 
Accurate Network Design", HP App Note 95-1, 
Richard W. Anderson, 
1967, HP Journal. 


"S-Parameter 
Design", 
HP 
App 
Note 
154, 
1972. 
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DESCRIPTION 
The NE5209 represents a breakthrough 
in 
monolithic amplifier design featuring several 
innovations. 
This unique design has 
combined the advantages 
of a high speed 
bipolar process with the proven Gilbert 
architecture. 


The NE5209 is a linear broadband 
RF 


amplifier whose gain is control!ed by a single 
DC voltage. 
The amplifier runs off a single 5 


volt supply and consumes 
only 40mA. 
The 
amplifier has high impedance 
(1kQ) 
differential inputs. 
The output is 50Q 


differential. 
Therefore, 
the 5209 can 
simultaneously 
perform AGC, impedance 
transformation, 
and the balun functions. 


The dynamic range is excellent over a wide 
range of gain selling. 
Furthermore, 
the noise 
performance 
degrades at a comparatively 


slow rate as the gain is reduced. 
This is an 
important feature when building linear AGC 
systems. 


FEATURES 


• Gain to 1.5GHz 


• 850M Hz bandwidth 


• High impedance differential input 


• 50Q differential output 


• Single 5V power supply 


• 0 - 1V gain control pin 


• >60dB gain control range at 200MHz 


• 26dB maximum gain differential 


't Exceptional VCONTROl/ VGAINlinearity 


• 7dB noise figure minimum 


• Full ESD protection 


• Easily cascadable 


• Linear AGe systems 


• Very linear AM modulator 


• RF balun 


• Cable TV multi-purpose 
amplifier 


• Fiber optic AGC 


• RADAR 


• User programmable 
fixed gain block 


• Video 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SO 
o to +70oC 
NE5209D 


16-Pin Plastic DIP 
o to +70oC 
NE5209N 


16-Pin Plastic SO 
-40 to +85°C 
SA5209D 


16-Pin Plastic 0 IP 
-40 to +85°C 
SA5209N 


OUTe 


GND! 


GND! 


9 
GND1 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Supply voltage 
-0.5 to +8.0 
V 


Power dissipation, TA ; 25DC (still air)l 
Po 
16-Pin Plastic DIP 
1450 
mW 
16-Pin Plastic SO 
1100 
mW 


TJMAX 
Maximum operating junction temperature 
150 
°c 


TSTG 
Storage temperature 
range 
-65 to +150 
DC 


NOTES: 
1. 
Maximum dissipation 
is determined 
by the operating ambient temperature 
and the thermal resistance, 
BJA: 
16-Pin DIP: BJA; 85DCIW 
16-Pin SO: 
BJA; 1100CIW 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Supply voltage 
VCCl ; VCC2; 4.5 to 7.0V 
V 


Operating 
ambient temperature 
range 
°c 
TA 
NE Grade 
o to +70 
SA Grade 
-40 to +85 
°c 


Operating junction temperature 
range 
°c 
TJ 
NE Grade 
o to +90 
SA Grade 
-40 to +105 
°c 


DC ELECTRICAL 
CHARACTERISTICS 
TA ; 25DC, VCCl ; VCC2; +5V, VAGC; 1.0V, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Icc 
Supply current 
DC tested 
38 
43 
48 
mA 


Over temperature 
1 
30 
55 
mA 


Av 
Voltage gain (single-ended 
in/single-ended 
out) 
DC tested, RL ; 10kn 
17 
19 
21 
dB 


Over temperature 1 
16 
22 
dB 


Av 
Voltage gain (single-ended 
in/differen:ial 
out) 
DC tested, RL; 
10kn 
23 
25 
27 
dB 


Over temperature 1 
22 
28 
dB 


R1N 
Input resistance (single-ended) 
DC tested at ±50llA 
0.9 
1.2 
1.5 
kn 


Over temperature 1 
0.8 
1.7 
kn 


ROUT 
Output resistance (single-ended) 
DC tested at ±1 mA 
40 
60 
75 
n 


Over temperature 1 
35 
90 
n 


Vos 
Output offset voltage (output referred) 
±20 
±100 
mV 


Over temperature 1 
±250 
mV 


V1N 
DC level on inputs 
1.6 
2.0 
2.4 
V 


Over temperature 
1 
1.4 
2.6 
V 


VOUT 
DC level on outputs 
1.9 
2.4 
2.9 
V 


Over temperature 1 
1.7 
3.1 
V 


PSRR 
Output offset supply rejection ratio 
20 
45 
dB 


(output referred) 
Over temperature 
1 
15 
dB 


4.5V<Vcc<7V 
1.2 
1.32 
1.45 
V 
VSG 
Bandgap reference voltage 
RSG; 10kn 


Over temperature 1 
1.1 
1.55 
V 


DC ELECTRICAL CHARACTERISTICS 
TA = 2SoC, VCCI = VCC2= +s.OV, VAGC= 1.0V, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


RSG 
Bandgap loading 
Over temperature' 
2 
10 
kn 


VAGC 
AGC DC control voltage range 
Over temperature 1 
0-1.3 
V 


ISAGC 
AGC pin DC bias current 
OV<VAGC<1.3V 
-0.7 
-6 
flA 


Over temperature' 
-10 
flA 


NOTES: 
1. 'Over Temperature 
Range" testing is as follows: 
NE is 0 to +70°C 
SA is -40 to +8S0C 


At the time of this data sheet release, the D package over-temperature 
data sheet limits are guaranteed 
via guardbanded 
room temperature 


testing only. 


AC ELECTRICAL CHARACTERISTICS 
TA = 2SoC, VCCI = VCC2= +S.OV,VAGC= 1.0V, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


BW 
-3dB bandwidth 
600 
8S0 
MHz 


Over temperature' 
SOO 
MHz 


GF 
Gain flatness 
DC -SOOMHz 
±0.4 
dB 


Over temperature' 
±0.6 
dB 


VIMAX 
Maximum input voltage swing (single-ended) 
for 
200 
mVp.p 
linear operation2 


VOMAX 
Maximum output voltage swing (single-ended) 
RL = son 
400 
mVp.p 


for linear operation2 
RL = 1kn 
1.9 
Vp.p 


NF 
Noise figure (unmatched configuration) 
Rs = son, 
f = 50MHz 
9.3 
dB 


VIN·EQ 
Equivalent input noise voltage spectral density 
f = 100MHz 
2.S 
nVrJHz 


S12 
Reverse isolation 
f = 100MHz 
-60 
dB 


l!.GI/'Ncc 
Gain supply sensitivity (single-ended) 
0.3 
dBN 


l!.GIl!.T 
Gain temperature 
sensitivity 
RL = son 
0.013 
dB~C 


CIN 
Input capacitance 
(single-ended) 
2 
pF 


BWAGC 
-3dB bandwidth of gain control function 
20 
MHz 


PO·'dS 
1dB gain compression 
point at output 
f = 100MHz 
-3 
dBm 


PI.'dS 
1dB gain compression 
point at input 
f= 
100MHz, VAGC=0.1V 
-10 
dBm 


IP30UT 
Third-order 
intercept point at output 
f = 100MHz, VAGC>O.SV 
+13 
dBm 


1P31N 
Third-order 
intercept point at input 
f = 100MHz, VAGC<O.SV 
+S 
dBm 


l!.GAS 
Gain match output A to output B 
f = 100MHz, VAGC= 1V 
0.1 
dB 


NOTE: 
1. 'Over Temperature 
Range" testing is as follows: 
NE is 0 to +70°C 
SA is -40 to +8SoC 


At the time of this data sheet release, the D package over-temperature 
data sheet limits are guaranteed 
via guardbanded 
room temperature 
testing only. 
2. 
With RL > 1kn, overload occurs at input for single-ended 
gain < 13dB and at output for single-ended 
gain> 
13dB. With RL = son, overload 


occurs at input for single-ended 
gain < 6dB and at output for single-ended 
gain> 
6dB. 


NE5209 
APPLICATIONS 
The NE5209 is a wideband 
variable gain 


amplifier (VGA) circuit which finds many 
applications 
in the RF, IF and video signal 


processing areas. 
This application 
note 
describes the operation of the circuit and 
several applications 
of the VGA. 
The 
simplified equivalent 
schematic of the VGA is 
shown in Figure 1. Transistors Q1-Q6 form 
the wideband 
Gilbert multiplier input stage 
which is biased by current source 11. The top 
differential pairs are biased from a buffered 
and level-shifted 
signal derived from the VAGC 
input and the RF input appears at the lower 
differential pair, The circuit topology and 
layout offer low input noise and wide 
bandwidth. 
The second stage is a differential 


transimpedance 
stage with current feedback 


which maintains the wide bandwidth of the 
input stage. 
The output stage is a pair of 


emitter followers with 50n output impedance, 
There is also an on-chip bandgap reference 
with buffered output at 1.3V, which can be 
used to derive the gain control voltage. 


Both the inputs and outputs should be 
capacitor coupled or DC isolated from the 
signal sources and loads. 
Furthermore, 
the 
two inputs should be DC isolated from each 
other and the two outputs should likewise be 
DC isolated from each other. 
The NE5209 
was designed to provic:!eoptimum 
performance 
from a 5V power source. 
However, there is some range around this 
value (4.5 - 7V) that can be used. 


The input impedance 
is about 1kn. 
The main 


advantage to a differential input configuration 
is to provide the balun function. 
Otherwise, 


there is an advantage 
to common mode 
rejection, a specification 
that is not normally 
important to RF designs. 
The source 


impedance can be chosen for two different 
performance 
characteristics: 
Gain, or noise 
performance. 
Gain optimization 
will be 


realized if the input impedance is matched to 
about 1kQ. A 4:1 balun will provide such a 
broadband match from a 50n source. 
Noise 


performance 
will be optimized if the input 
impedance is matched to about 200n. 
A 2:1 


balun will provide such a broadband match 
from a 50n source. 
The minimum noise 


figure can then be expected to be about 7dB. 
Maximum gain will be about 23dB for a 
single-ended 
output. 
If the differential output 
is used and properly matched, nearly 30dB 
can be realized. 
With gain optimization, 
the 


noise figure will degrade to about 8dB. With 
no matching unit at the input, a 9dB noise 
figure can be expected from a 50n source. 
If 
the source is terminated, the noise figure will 
increase to about 15dB. All these noise 
figures will occur at maximum gain. 


The NE5209 has an excellent noise figure vs 
gain relationship. 
With any VGA circuit, the 
noise performance will degrade with 
decreasing gain. 
The 5209 has about a 
1.2dB noise figure degradation 
for each 2dB 


gain reduction. 
With the input matched for 


optimum gain, the 8dB noise figure at 23dB 
gain will degrade to about a 20dB noise figure 
at OdB gain. 


The NE5209 also displays excellent linearity 
between voltage gain and control voltage. 
Indeed, the relationship 
is of sufficient 
linearity that high fidelity AM modulation 
is 


possible using the NE5209. 
A maximum 


control voltage frequency of about 20M Hz 
permits video baseband sources for AM. 


A stabilized bandgap reference voltage is 
made available on the NE5209 (Pin 7). For 
fixed gain applications 
this voltage can be 
resistor divided, and then fed to the gain 
control terminal (Pin 8). Using the bandgap 
voltage reference for gain control produces 
very stable gain characteristics 
over wide 
temperature 
ranges. 
The gain setting 
resistors are not part of the RF signal path, 


and thus stray capacitance 
here is not 


important. 


The wide bandwidth and excellent gain 
control linearity make the NE5209 VGA 
ideally suited for the automatic gain control 
(AGC) function in RF and IF processing in 
cellular radio base stations, Direct Broadcast 
Satellite (DBS) decoders, cable TV systems, 
fiber optic receivers for wide band data and 
video, and other radio communication 
applications. 
A typical AGC configuration 


using the NE5209 is shown in Figure 2. 
Three NE5209s are cascaded with 
appropriate AC coupling capacitors. 
The 


output of the final stage drives the full-wave 
rectifier composed of two UHF Schottky 
diodes BAT17 as shown. 
The diodes are 


biased by R1 and R2 to Vcc such that a 
quiescent current of about 2mA in each leg is 
achieved. 
An NE5230 low voltage op amp is 


used as an integrator which drives the VAGC 
pin on all three NE5209s. 
R3 and C3 filter 


the high frequency 
ripple from 
the full-wave 


rectified signal. 
A voltage divider is used to 


generate the reference for the non-inverting 
input of the op amp at about 1.7V. Keeping 
D3 the same type as D 1 and D2 will provide 
a first order compensation 
for the change in 


Schottky voltage over the operating 
temperature 
range and improve the AGC 


performance. 
R6 is a variable resistor for 


adjustments 
to the op amp reference voltage. 


In low cost and large volume applications 
this 


could be replaced with a fixed resistor, which 
would result in a slight loss of the AGC 
dynamic range. 
Cascading three NE5209s 


will give a dynamic range in excess of 60dB. 


The NE5209 is a very user-friendly 
part and 


will not oscillate in most applications. 
However, in an application 
such as with gains 


in excess of SOdB and bandwidth 
beyond 


100MHz, good PC board layout with proper 
supply decoupling 
is strongly recommended. 
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DESCRIPTION 
The NE5219 represents 
a breakthrough 
in 
monolithic amplifier design featuring several 
innovations. 
This unique design has 
combined the advantages 
of a high speed 


bipolar process with the proven Gilbert 
architecture. 


The NE5219 is a linear broadband 
RF 


amplifier whose gain is controlled by a single 
DC voltage. 
The amplifier runs off a single 5 


volt supply and consumes 
only 40mA. 
The 
amplifier has high impedance 
(1kn) 
differential inputs. 
The output is 50n 
differential. 
Therefore, 
the 5219 can 
simultaneously 
perform AGC, impedance 
transformation, 
and the balun functions. 


The dynamic range is excellent over a wide 
range of gain setting. 
Furthermore, 
the noise 
performance 
degrades at a comparatively 
slow rate as the gain is reduced. 
This is an 


important feature when building linear AGC 
systems. 


FEATURES 


• 700MHz bandwidth 


• High impedance differential input 


• 50n differential output 


• Single 5V power supply 


• 0 - 1V gain control pin 


• >60dB gain control range at 200M Hz 


• 26dB maximum gain differential 


• Exceptional VCONTROLI VGAINlinearity 


• 7dB noise figure minimum 


• Full ESD protection 


• Easily cascadable 


• Linear AGC systems 


• Very linear AM modulator 


• RF balun 


• Cable TV multi-purpose 
amplifier 


• Fiber optic AGC 


• RADAR 


• User programmable 
fixed gain block 


• Video 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SO 
o to +70°C 
NE5219D 


16-Pin Plastic DIP 
o to +70°C 
NE5219N 


16-Pin Plastic SO 
-40 to +85°C 
SA5219D 


16-Pin Plastic DIP 
-40 to +85°C 
SA5219N 


16 
VCC2 


GND: 


OUTA 


GND: 


OUTB 


GND: 


GND, 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Supply voltage 
-0.5 to +8.0 
V 


Power dissipation, TA = 25DC (still air) 1 
PD 
16-Pin Plastic DIP 
1450 
mW 


16-Pin Plastic SO 
1100 
mW 


TJMAx 
Maximum operating junction temperature 
150 
DC 


Tsm 
Storage temperature 
range 
-65 to +150 
DC 


NOTES: 
1. 
Maximum dissipation 
is determined 
by the operating ambient temperature 
and the thermal resistance, 
8JA: 
16-Pin DIP: 
8JA= 85DCIW 
16-Pin SO: 
8JA= 11ODCIW 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Supply voltage 
VCCl = VCC2= 4.5 to 7.0V 
V 


Operating ambient temperature 
range 
DC 
TA 
NE Grade 
o to +70 
SA Grade 
-40 to +85 
DC 


Operating junction temperature 
range 
DC 
TJ 
NE Grade 
o to +90 


SA Grade 
-40 to +105 
DC 


DC ELECTRICAL 
CHARACTERISTICS 
TA = 25DC, VCC1= VCC2= +5V, VAGC= 1.0V, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Icc 
Supply current 
DC tested 
36 
43 
50 
mA 


Av 
Voltage gain (single-ended 
in/single-ended 
out) 
DC tested, RL = 10kQ 
16 
19 
22 
dB 


Av 
Voltage gain (single-ended 
in/differential 
out) 
DC tested, RL = 10kn 
22 
25 
28 
dB 


R1N 
Input resistance (single-ended) 
DC tested at ±50fjA 
0.8 
1.2 
1.6 
kQ 


ROUT 
Output resistance (single-ended) 
DC tested at ±1 mA 
35 
60 
80 
Q 


Vas 
Output offset voltage (output referred) 
±20 
±150 
mV 


V1N 
DC level on inputs 
1.6 
2.0 
2.4 
V 


VOUT 
DC level on outputs 
1.9 
2.4 
2.9 
V 


PSRR 
Output offset supply rejection ratio 
18 
45 
dB 


4.5V<Vcc<7V 
1.2 
1.32 
1.45 
V 
VSG 
Bandgap reference voltage 
RSG= 10kQ 


RSG 
Bandgap loading 
2 
10 
kQ 


VAGC 
AGC DC control voltage range 
0-1.3 
V 


'SAGC 
AGC pin DC bias current 
OV<VAGC<1.3V 
-0.7 
-6 
fjA 


AC ELECTRICAL 
CHARACTERISTICS 


TA = 25°C, VCCI = VCC2= +5.0V, VAGC= 1.0V, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


BW 
-3dB bandwidth 
700 
MHz 


GF 
Gain flatness 
DC-500MHz 
±0.4 
dB 


VIMAX 
Maximum input voltage swing (single-ended) 
for 
200 
mVp.p 
linear operation 1 


VOMAX 
Maximum output voltage swing (single-ended) 
RL = 50n 
400 
mVp.p 


for linear operation 1 
RL= 1kQ 
1.9 
Vp.p 


NF 
Noise figure (unmatched 
configuration) 
Rs = 50n, f = SOMHz 
9.3 
dB 


VIN·EQ 
Equivalent input noise voltage spectral density 
f= 100MHz 
2.5 
nV/--JHz 


812 
Reverse isolation 
f = 100MHz 
-60 
dB 


6GltNcc 
Gain supply sensitivity (single-ended) 
0.3 
dBIV 


6G/6T 
Gain temperature 
sensitivity 
RL=50n 
0.013 
dBf'C 


CIN 
Input capacitance 
(single-ended) 
2 
pF 


BWAGC 
-3dB bandwidth 
of gain control function 
20 
MHz 


PO.1dS 
1dB gain compression 
point at output 
f = 100MHz 
-3 
dBm 


P,.ldS 
1dB gain compression 
point at input 
f = 100MHz, VAGC=0.1V 
-10 
dBm 


IP30UT 
Third-order 
intercept point at output 
f = 100MHz, VAGC>0.5V 
+13 
dBm 


IP3,N 
Third-order 
intercept point at input 
f = 100MHz, VAGC<0.5V 
+5 
dBm 


6GAS 
Gain match output A to output B 
f = 100MHz, VAGC= 1V 
0.1 
dB 


NOTE: 
1. With RL > 1kn, overload occurs at input for single-ended 
gain < 13dB and at output for single-ended 
gain> 
13dB. With RL = 50n, overload 
occurs at input for single-ended 
gain < 6dB and at output for single-ended 
gain> 
6dB. 


NE5219 APPLICATIONS 
The NE5219 is a wideband 
variable gain 


amplifier (VGA) circuit which finds many 
applications 
in the RF, IF and video signal 


processing areas. 
This application note 
describes the operation of the circuit and 
several applications 
of the VGA. 
The 
simplified equivalent 
schematic of the VGA is 
shown in Figure 1. Transistors 
01-06 
form 


the wideband 
Gilbert mUltiplier input stage 
which is biased by current source 11. The top 
differential pairs are biased from a buffered 
and level-shifted 
signal derived from the VAGC 
input and the RF input appears at the lower 
differential pair. The circuit topology and 
layout offer low input noise and wide 
bandwidth. 
The second stage is a differential 


transimpedance 
stage with current feedback 
which maintains the wide bandwidth of the 
input stage. 
The output stage is a pair of 
emitter followers with 50n output impedance. 
There is also an on-chip bandgap reference 
with buffered output at 1.3V, which can be 
used to derive the gain control voltage. 


80th the inputs and outputs should be 
capacitor coupled or DC isolated from the 
signal sources and loads. 
Furthermore, 
the 
two inputs should be DC isolated from each 
other and the two outputs should likewise be 


DC isolated from each other. The NE5219 
was designed to provide optimum 
performance 
from a 5V power source. 
However, there is some range around this 
value (4.5 - 7V) that can be used. 


The input impedance 
is about 1kn. 
The main 
advantage 
to a differential input configuration 


is to provide the balun function. 
Otherwise, 


there is an advantage to common mode 
rejection, a specification 
that is not normally 
important to RF designs. 
The source 
impedance can be chosen for two different 
performance 
characteristics: 
Gain, or noise 
performance. 
Gain optimization will be 


realized if the input impedance is matched to 
about 1kQ. A 4: 1 balun will provide such a 
broadband match from a 50n source. 
Noise 
performance 
will be optimized if the input 
impedance is matched to about 200n. 
A 2:1 


balun will provide such a broadband 
match 
from a 50n source. 
The minimum noise 
figure can then be expected to be about 7dB. 
Maximum gain will be about 23dB for a 
single-ended 
output. 
If the differential output 
is used and properly matched, nearly 30dS 
can be realized. 
With gain optimization, 
the 
noise figure will degrade to about 8dB. 
With 
no matching unit at the input, a 9dB noise 
figure can be expected from a 50n source. 
If 


the source is terminated, 
the noise figure will 
increase to about 15dB. All these noise 
figures will occur at maximum gain. 


The NE5219 has an excellent noise figure vs 
gain relationship. 
With any VGA circuit, the 


noise performance 
will degrade with 


decreasing 
gain. 
The 5219 has about a 


1.2dB noise figure degradation 
for each 2dB 
gain reduction. 
With the input matched for 


optimum gain, the 8dB noise figure at 23dB 
gain will degrade to about a 20dB noise figure 
at OdB gain. 


The NE5219 also displays excellent linearity 
between voltage gain and control voltage. 
Indeed, the relationship 
is of sufficient 


linearity that high fidelity AM modulation 
is 
possible using the NE5219. 
A maximum 
control voltage frequency of about 20MHz 
permits video baseband 
sources for AM. 


A stabilized bandgap reference voltage is 
made available on the NE5219 (Pin 7). For 
fixed gain applications 
this voltage can be 
resistor divided, and then fed to the gain 
control terminal (Pin 8). Using the bandgap 
voltage reference for gain control produces 
very stable gain characteristics 
over wide 


temperature 
ranges. 
The gain setting 
resistors are not part of the RF signal path, 


and thus stray capacitance 
here is not 


important. 


The wide bandwidth and excellent gain 
control linearity make the NE5219 VGA 
ideally suited for the automatic gain control 
(AGC) function in RF and IF processing 
in 


cellular radio base stations, Direct Broadcast 
Satellite (DBS) decoders, cable TV systems, 
fiber optic receivers for wideband 
data and 


video, and other radio communication 
applications. 
A typical AGC configuration 
using the NE5219 is shown in Figure 2. 
Three NE5219s are cascaded with 
appropriate 
AC coupling capacitors. 
The 


output of the final stage drives the full-wave 


rectifier composed of two UHF Schottky 
diodes BAT17 as shown. 
The diodes are 
biased by R 1 and R2 to Vcc such that a 
quiescent 
current of about 2mA in each leg is 
achieved. 
An NE5230 low voltage op amp is 


used as an integrator which drives the VAGC 
pin on all three NE5219s. 
R3 and C3 filter 
the high frequency ripple from 
the full-wave 


rectified signal. 
A voltage divider is used to 


generate the reference for the non-inverting 
input of the op amp at about 1.7V. Keeping 
03 the same type as 01 and 02 will provide 
a first order compensation 
for the change in 


Schottky voltage over the operating 
temperature 
range and improve the AGC 


performance. 
RG is a variable resistor for 
adjustments 
to the op amp reference voltage. 


In low cost and large volume applications 
this 
could be replaced with a fixed resistor, which 
would result in a slight loss of the AGC 
dynamic range. 
Cascading three NE5219s 
will give a dynamic range in excess of GOdB. 


The NE5219 is a very user-friendly 
part and 
will not oscillate in most applications. 
However, in an application 
such as with gains 


in excess of GOdBand bandwidth 
beyond 
1OOMHz, good PC board layout with proper 
supply decoupling 
is strongly recommended. 
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DESCRIPTION 
The NE/SE5539 
is a very wide bandwidth, 
high slew rate, monolithic operational 
amplifier for use in video amplifiers, 
RF 


amplifiers, 
and extremely high slew rate 
amplifiers. 


Emitter-follower 
inputs provide a true 
differential input impedance 
device. 
Proper 


external compensation 
will allow design 
operation over a wide range of closed-loop 
gains, both inverting and non-inverting, 
to 
meet specific design requirements. 


FEATURES 


• Bandwidth 


- 
Unity gain - 350M Hz 


- 
Full power - 48MHz 


- 
GBW - 1.2GHz at 17dB 


• Slew rate: 600Nlls 


• AVOL:52dB typical 


• Low noise - 4nV--JHz typical 


• MIL-STD processing available 
VOsADJI 
5 
AvADJ 


NC 
6 


APPLICATIONS 


• High speed datacom 


• Video monitors & TV 


• Satellite communications 


• Image processing 


• RF instrumentation 
& oscillators 


• Magnetic storage 


• Military communications 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE5539N 


14-Pin Plastic SO 
o to +70°C 
NE5539D 


14-Pin Cerdip 
o to +70°C 
NE5539F 


14-Pin Cerdip 
-55 to +125°C 
SE5539F 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vcc 
Supply voltage 
±12 
V 


PDMAX 
Maximum power dissipation, 
TA = 25°C (still-air)2 
F package 
1.17 
W 


N package 
1.45 
W 
D package 
0.99 
W 


Operating temperature 
range 


TA 
NE 
Ot070 
°C 
SE 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TJ 
Max junction temperature 
150 
°C 


TSOLD 
Lead soldering temperature 
(1Osee max) 
+300 
°C 


NOTES: 
1. 
Differential input voltage should not exceed 0.25V to prevent excesive input bias current and common-mode 
voltage 2.5V. These voltage 
limits may be exceeded 
if current is limited to less than 10mA. 
2. 
Derate above 25°C. at the following rates: 
F package at 9.3mWI"C 
N package at 11.6mWI"C 
D package at 7.9mW/oC 


(+) 1 
NON-lNVERllNG 
INPUT 


DC ELECTRICAL 
CHARACTERISTICS 


Vee = ±8V, TA = 25°C; unless otherwise specified. 


SE5539 
NE5539 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


VOUT 
Output voltage swing 
RL = 150Q to GND and 
+Swing 
+2.3 
+2.7 
V 
470Qto-Vec 
-Swing 
-1.7 
-2.2 


RL = 25Q to GND 
+Swing 
+2.3 
+3.0 
V 


VOUT 
Output voltage swing 
Over temp 
-Swing 
-1.5 
-2.1 


RL = 25Q to GND 
+Swing 
+2.5 
+3.1 
V 
TA = 25°C 
-Swing 
-2.0 
-2.7 


lee+ 
Positive supply current 
Vo = 0, R1 = 00,Over temp 
14 
18 
2.8 
3.5 
mA 


Vo=O, 
R1 =00, TA_25°C 
14 
17 
14 
18 
mA 


Ice· 
Negative supply current 
Vo = 0, R1 = 00,Over temp 
11 
15 
2.8 
3.5 
mA 


Vo = 0, R1 = 00,TA = 25°C 
11 
14 
11 
15 
mA 


PSRR 
Power supply rejection ratio 
6Vee = ±1V, Over temp 
300 
1000 
/lVN 


6Vcc=±1V, 
TA=25°C 
200 
1000 
/lVN 


AvoL 
large 
signal voltage gain 
Vo = +2.3V, -1.7V, RL = 150Q to 
47 
52 
57 
dB 
GND, 470Q to -Vee 


Over 
AVOL 
large 
signal voltage gain 
Vo = +2.3V, -1.7V 
temp 
dB 


RL=2QtoGND 
TA = 25°C 
47 
52 
57 


Over 
46 
60 
AVOL 
large 
signal voltage gain 
Vo = +2.5V, -2.0V 
temp 
dB 


RL = 2Qto GND 
TA = 25°C 
48 
53 
58 


DC ELECTRICAL 
CHARACTERISTICS 


Vee = ±6V, TA = 25°C; unless otherwise specified. 


SE5539 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vos 
Input offset voltage 
Over temp 
2 
5 
mV 


TA=25°C 
2 
3 


los 
Input offset current 
Over temp 
0.1 
3 
JlA 


TA = 25°C 
0.1 
1 


IB 
Input bias current 
Over temp 
5 
20 
JlA 


TA = 25°C 
4 
10 


CMRR 
Common-mode 
rejection ratio 
VCM= ±1.3V, Rs = 100Q 
70 
85 
dB 


Icc+ 
Positive supply current 
Over temp 
11 
14 
mA 


TA=25°C 
11 
13 


Icc- 
Negative supply current 
Over temp 
8 
11 
mA 


TA = 25°CmA 
8 
10 


PSRR 
Power supply rejection ratio 
6Vcc -±1V 
Over temp 
300 
1000 
/lVIV 


TA = 25°C 


Over 
+Swing 
+1.4 
+2.0 


VOUT 
Output voltage swing 
RL = 150Q to GND 
temp 
-Swing 
-1.1 
-1.7 
V 


and 390Q to -Vee 
TA = 
+Swing 
+1.5 
+2.0 


25°C 
-Swing 
-1.4 
-1.8 


AC ELECTRICAL CHARACTERISTICS 
VCC= ±8V, RL = 150n to GND and 470n to -Vcc, unless otherwise specified. 


SE5539 
NE5539 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


BW 
Gain bandwidth 
product 
ACL = 7, Vo = 0.1 Vp.p 
1200 
1200 
MHz 


Small signal bandwidth 
ACL = 2, RL = 150n' 
110 
110 
MHz 


ts 
Settling time 
AcL = 2, RL = 150n' 
15 
15 
ns 


SR 
Slew rate 
ACL = 2, RL = 150n' 
600 
600 
V/Jls 


tPD 
Propagation 
delay 
ACL = 2, RL = 150n' 
7 
7 
ns 


Full power response 
ACL = 2, RL = 150n' 
48 
48 
MHz 


Full power response 
Av = 7, RL = 150n' 
20 
20 
MHz 


Input noise voltage 
Rs = son, 
1MHz 
4 
4 
nV/"IHz 


Input noise current 
1MHz 
6 
6 
pAl"lHz 


NOTES: 
1. 
External compensation. 


AC ELECTRICAL CHARACTERISTICS 
Vcc = ±6V, RL = 1son to GND and 390n 
to -Vcc, unless otherwise specified. 


SE5539 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


BW 
Gain bandwidth 
product 
ACL = 7 
700 
MHz 


Small signal bandwidth 
ACL= 2' 
120 
MHz 


ts 
Settling time 
ACL = 2' 
23 
ns 


SR 
Slew rate 
ACL _ 2' 
330 
V/JlS 


tpD 
Propagation 
delay 
ACL _ 21 
4.S 
ns 


Full power response 
ACL - 21 
20 
MHz 


NOTES: 
1. 
External compensation. 
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10MHz 
l00MHz 
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CIRCUIT 
LAYOUT 
CONSIDERATIONS 
As may be expected for an ultra-high 
frequency. wide-gain 
bandwidth amplifier, the 


opnONAL 
OFFSET 
ADJ. 


Rl 
• 75n 
5% CARBON 


R2 - 7sn 
5% CARBON 


R3. 
75n. 5% CARBON 


R4 - 
36K 
5% CARBON 


Top Plane Copper' 
(Component 
Side) 


physical circuit is extremely critical. 
Bread-boarding 
is not recommended. 
A 
double-sided 
copper-clad 
printed circuit board 


R5' 
20k TRIMPOT 
(CERMET) 


RF - 
1.5k (28dB 
GAIN) 


R6 - 4700 
5% CARBON 


will result in more favorable 
system 


operation. 
An example utilizing a 28dB 


non-inverting 
amp is shown in 1. 


RFC 
3T # 26 BUSS 
WIRE 
ON 


FERROXCUBE 
VK 200 09l3B 
CORE 


BYPASS 
CAPACITORS 


1nF CERAMIC 


(MEPCO 
OR EOUIV.) 


Boltom 
Plane 
Copper' 


NE5539 
COLOR 
VIDEO 
AMPLIFIER 
The NE5539 wide band operational 
amplifier 


is easily adapted for use as a color video 
amplifier. 
A typical circuit is shown in 2 along 


with vector-scope1 
photographs 
showing the 
amplifier differential gain and phase response 


750 


to a standard five-step modulated staircase 
linearity signal (Figures 3, 4 and 5). As can 
be seen in 4, the gain varies less than 0.5% 
from the bottom to the top of the staircase. 
The maximum differential phase shown in 5 is 
approximately 
+0.1°. 


The amplifier circuit was optimized for a 75W 
input and outputtermionation 
impedance with 


a gain of approximately 
10 (20dB). 


NOTE: 
1. The input signal was 200mV and the out- 
put2V. 
Vcc was ±8V. 


NOTE: 
Instruments used for these measurements 
were Tektronix 146 NTSC test signal generator, 520A NTSC veetorscope, 
and 1480 waveform 
monitor. 


.'.5pF 


Figure 6. Non-Inverting 
Follower 


3.3pF 


Figure 7. Inverting Follower 


DESCRIPTION 
The NE5592 is a dual monolithic, two-stage, 
differential output, wideband video amplifier. It 
offers a fixed gain of 400 without external 
components 
and an adjustable gain from 400 


to 0 with one external resistor. The input 
stage has been designed so that with the 
addition of a few external reactive elements 
between the gain select terminals, the circuit 
can function as a high-pass, low-pass, or 
band-pass filter. This feature makes the 
circuit ideal for use as a video or pulse 
amplifier in communications, 
magnetic 


memories, display, video recorder systems, 
and floppy disk head amplifiers. 


FEATURES 


• 11OMHz unity gain bandwidth 


• Adjustable 
gain from 0 to 400 


• Adjustable 
pass band 


• No frequency compensation 
required 


• Wave shaping with minimal external 


components 


APPLICATIONS 


• Floppy disk head amplifier 


• Video amplifier 


• Pulse amplifier in communications 


• Magnetic memory 


• Video recorder systems 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to 70°C 
NE5592N 


14-Pin SO package 
o to 70°C 
NE5592D 


ABSOLUTE 
MAXIMUM 
RATINGS 


TA=25°C, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
±8 
V 


V,N 
Differential input voltage 
±5 
V 


VCM 
Common mode Input voltage 
±6 
V 


lOUT 
Output current 
10 
mA 


TA 


Operating temperature 
range 
o to +70 
°C 
NE5592 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


Po MAX 
Maximum power dissipation, 


TA=25°C (still air) 1 


D package 
1.03 
W 


N package 
1.48 
W 


NOTES: 
1. 
Derate above 25°C at the following rates: 
D package 8.3mWfOC 
N package 
11.9mW/OC 


DC ELECTRICAL 
CHARACTERISTICS 
TA=+25°C, Vss=±6V, VCM=o, unless otherwise specified. Recommended 
operating supply voltage is Vs = ±6.0V, and gain select pins are 
connected together. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


Min 
Typ 
Max 


AvoL 
Differential voltage gain 
RL=2kn, VOUT=3Vp.p 
400 
480 
600 
VN 


R'N 
Input resistance 
3 
14 
kn 


C,N 
Input capacitance 
2.5 
pF 


los 
Input offset current 
0.3 
3 
~ 


ISlAS 
Input bias current 
5 
20 
~ 


Input noise voltage 
BW 1kHz to 10MHz 
4 
nV/,,!Hz 


VIN 
Input voltage range 
±1.0 
V 


CMRR 
Common-mode 
rejection ratio 
VCM± lV, kl00kHz 
60 
93 
dB 


VCM± lV, f=5MHz 
87 
dB 


PSRR 
Supply voltage rejection ratio 
tNs=± 0.5V 
50 
85 
dB 


Channel separation 
Vour=lVp.p; 
f=100kHz 
65 
70 
dB 
(output referenced) 
RL=1kn 


Vas 
Output offset voltage 
RL=oo 
0.5 
1.5 
V 
gain select pins open 
RL=00 
0.25 
0.75 
V 


VCM 
Output common-mode 
voltage 
RL=oo 
2.4 
3.1 
3.4 
V 


VOUT 
Output differential voltage swing 
RL=2kn 
3.0 
4.0 
V 


ROUT 
Output resistance 
20 
Q 


Icc 
Power supply current 
RL=00 
35 
44 
mA 
(total for both sides) 


DC ELECTRICAL 
CHARACTERISTICS 


Vss=±6V, VCM=o, O°C S TA S 70°C, unless otherwise specified. Recommended 
operating supply voltage is Vs = ±6.0V, and gain select pins are 
connected together. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


Min 
Typ 
Max 


AVOL 
Differential voltage gain 
RL=2kQ, Vour=3Vp.p 
350 
430 
600 
VIV 


RIN 
Input resistance 
1 
11 
kQ 


los 
Input offset current 
5 
flA 


ISlAS 
Input bias current 
30 
flA 


VIN 
Input voltage range 
±1.0 
V 


CMRR 
Common-mode 
rejection ratio 
VCM± IV, kl00kHz 
55 
dB 
Rs=<I> 


PSRR 
Supply voltage rejection ratio 
t!.Vs= ± 0.5V 
50 
dB 


Channel separation 
VOUT=lVp.p; f=100kHz 
70 
dB 
(output referenced) 
RL=1kQ 


Vos 
Output offset voltage 


gain select pins connected 
RL=oo 
1.5 
V 


together 


gain select pins open 
RL=00 
1.0 
V 


VOUT 
Output differential voltage swing 
RL=2kQ 
2.8 
V 


Icc 
Power supply current 


(total for both sides) 
RL=00 
47 
mA 


AC ELECTRICAL 
CHARACTERISTICS 


TA=+25°C Vss=±6V, VCM=O,unless otherwise 
specified. Recommended 
operating supply voltage Vs=±6.0V. Gain select pins connected 


together. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


Min 
Typ 
Max 


BW 
Bandwidth 
VouT=IVp.p 
25 
MHz 


tR 
Rise time 
15 
20 
ns 


tpo 
Propagation 
delay 
VouT=lVp.p 
7.5 
12 
ns 
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DESCRIPTION 
FEATURES 
PIN CONFIGURATIONS 


The NE592 is a monolithic, 
two-stage, 
• 120MHz unity gain bandwidth 
0, F, N Packages 


differential output, wideband 
video amplifier. It 
offers fixed gains of 100 and 400 without 
• Adjustable 
gains from 0 to 400 
INPUT 
2 
INPUT 
1 


external components 
and adjustable gains 
• Adjustable 
pass band 
NC 
NC 
from 400 to 0 with one external resistor. The 
input stage has been designed so that with 
• No frequency compensation 
required 
G2B 
GAIN 
G2A 
GAIN 


the addition of a few external reactive 


SELECT 
SELECT 


• Wave shaping with minimal external 
G1B GAIN 
G'A 
GAIN 
elements between the gain select terminals, 
components 
SELECT 
SELECT 


the circuit can function as a high-pass, 
v- 
v. 


low-pass, or band-pass filter. This feature 
• MIL-STD processing available 
makes the circuit ideal for use as a video or 
NC 
NC 


pulse amplifier in communications, 
magnetic 
OUTPUT 
2 
OUTPUT 
1 


memories, display, video recorder systems, 
APPLICATIONS 
and floppy disk head amplifiers. 
Now 
TOP 
VIEW 
available in an a-pin version with fixed gain of 
• Floppy disk head amplifier 


400 without external components 
and 
• Video amplifier 
adjustable gain from 400 to 0 with one 
0, N Packages 
external resistor. 
• Pulse amplifier in communications 


INPUT 
2 


~ 


INPUT 
1 


• Magnetic memory 
G'B 
GAIN 
2 
7 
G'A 
GAIN 


SELECT 
SELECT 


• Video recorder systems 
v- 
3 
6 
v. 


OUTPUT 
2 
4 
5 
OUTPUT 
1 


TOP 
VIEW 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE592N14 


14-Pin Cerdip 
o to +70°C 
NE592F14 


14-Pin SO 
o to +70°C 
NE592D14 


8-Pin Plastic DIP 
o to +70°C 
NE592N8 


8-Pin SO 
o to +70°C 
NE592D8 


NOTES: 
N8, N14, D8 and D14 package parts also available in "High" gain version by adding "H" before 
package designation, 
i.e., NE592HDB 


ABSOLUTE 
MAXIMUM 
RATINGS 


TA=+25°C, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
±8 
V 


V1N 
Differential input voltage 
±5 
V 


VCM 
Common-mode 
input voltage 
±6 
V 


lOUT 
Output current 
10 
mA 


TA 
Operating ambient temperature 
range 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


PD MAX 
Maximum power dissipation, 


TA=25°C (still air)' 


F-14 package 
1.17 
W 


D-14 package 
0.98 
W 


D-8 package 
0.79 
W 


N-14 package 
1.44 
W 


N-8 package 
1.17 
W 


NOTES: 
2. 
Derate above 25°C at the following rates: 


F-14 package at9.3mW/oC 
D-14 package at7.8mW/oC 
D-8 package at6.3mW/oC 
N-14 package at 11.5mW/oC 
N-8 package at 9.3mW/oC 


DC ELECTRICAL CHARACTERISTICS 


TA=+25°C Vss=+6V, VCM=O,unless otherwise 
specified. Recommended 
operating supply voltages Vs=+6.0V. All specifications 
apply to both 
standard and high gain parts unless noted differently. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA592 
UNIT 


Min 
Typ 
Max 


AvoL 
Differential voltage gain, 


standard part 


Gain 11 
RL=2kQ, Vour=3Vp.p 
250 
400 
600 
VN 


Gain 22.' 
80 
100 
120 
VN 


High gain part 
400 
500 
600 
VIV 


RIN 
Input resistance 


Gain 11 
4.0 
kQ 


Gain 22.' 
10 
30 
kQ 


CIN 
Input capacitance2 
Gain 2' 
2.0 
pF 


los 
Input offset current 
0.4 
5.0 
JlA 


IB1AS 
Input bias current 
9.0 
30 
JlA 


VNOISE 
Input noise voltage 
BW 1kH2 to 10MHz 
12 
JlVRMs 


V1N 
Input voltage range 
±1.0 
V 


CMRR 
Common-mode 
rejection ratio 


Gain 2' 
VCM±1V, f<100kHz 
60 
86 
dB 


Gain 2' 
VcM±1V, f=5MHz 
60 
dB 


PSRR 
Supply voltage rejection ratio 


Gain 2' 
l!.Vs=±O·5V 
50 
70 
dB 


Vos 
Output offset voltage 


Gain 1 
RL=oo 
1.5 
V 


Gain 2' 
RL=oo 
1.5 
V 


Gain 33 
RL=oo 
0.35 
0.75 
V 


VCM 
Output common· mode voltage 
RL=00 
2.4 
2.9 
3.4 
V 


VOUT 
Output voltage swing 
RL=2kQ 
3.0 
4.0 
V 


differential 


ROUT 
Output resistance 
20 
Q 


Icc 
Power supply current 
Rl =00 
18 
24 
mA 


NOTES: 
1. Gain select Pins G'A and G1Bconnected together. 
2. 
Gain select Pins G2A and G2Bconnected together. 
3. 
All gain select pins open. 


4. 
Applies to 14·pin version only. 


DC ELECTRICAL CHARACTERISTICS 
DC Electrical CharacteristicsVss=±6V, 
VCM=O,O°C ,;TAS70°C, unless otherwise specified. Recommended 
operating supply voltages Vs=+6.0V. 
All specifications 
apply to both standard and high gain parts unless noted differently. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA592 
UNIT 


Min 
Typ 
Max 


AvoL 
Differential voltage gain, 


standard part 


Gain 11 
RL=2kQ, VouT=3Vp.p 
250 
600 
VN 


Gain 22,' 
80 
120 
VN 


High gain part 
400 
500 
600 
VN 


R1N 
Input resistance 


Gain 22,' 
8.0 
kQ 


los 
Input offset current 
6.0 
~A 


IBIAS 
Input bias current 
40 
~A 


VIN 
Input voltage range 
±1.0 
V 


CMRR 
Common-mode 
rejection ratio 


Gain 2' 
VcM±1V, kl00kHz 
50 
dB 


PSRR 
Supply voltage rejection ratio 


Gain 2' 
t!"vs=±O·5V 
50 
dB 


Output offset voltage 


Vos 


Gain 1 
RL=00 
1.5 
V 
Gain 2' 
1.5 


Gain 33 
1.0 


VOUT 
Output voltage swing differential 
RL=2kQ 
2.8 
V 


Icc 
Power supply current 
RL=oo 
27 
mA 


NOTES: 
1. Gain select Pins G 


' 
A and GlB connected together. 
2. 
Gain select Pins G2A and G2Bconnected together. 
3. 
All gain select pins open. 


4. 
Applies to 10- and 14-pin versions only. 


AC ELECTRICAL CHARACTERISTICS 


TA=+25°C Vss=+6V, VCM=O,unless otherwise specified. Recommended 
operating supply voltages Vs=±6.0V. All specifications 
apply to both 


standard and high gain parts unless noted differently. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA592 
UNIT 


Min 
Typ 
Max 


Bandwidth 
BW 
Gain l' 
40 
MHz 
Gain 22,' 
90 
MHz 


Rise time 
tR 
Gain l' 
Vour=1Vp·p 
10.5 
12 
ns 


Gain 22,' 
4.5 
ns 


Propagation 
delay 
tpo 
Gain l' 
VOUT=lVp.p 
7.5 
10 
ns 


Gain 22,' 
6.0 
ns 


NOTES: 
1. 
Gain select Pins G'A and GlB connected together. 
2. 
Gain select Pins G2A and G2Bconnected together. 
3. 
All gain select pins open. 
4. 
Applies to 10- and 14-pin versions only. 
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DESCRIPTION 
The 733 is a monolithic differential input, 
differential output, wide-band 
video amplifier. 


It offers fixed gains of 10,100, 
or 400 without 
external components, 
and adjustable 
gains 
from 10 to 400 by the use of an external 
resistor. No external frequency compensation 
components 
are required for any gain option. 
Gain stability, wide bandwidth, 
and low phase 
distortion are obtained through use of the 
cia. sic series-shunt 
feedback from the 
emitter-follower 
outputs to the inputs of the 
second stage. The emitter-follower 
outputs 
provide low output impedance, 
and enable 


the device to drive capacitive 
loads. The 733 


is intended for use as a high-performance 
video and pulse amplifier in communications, 
magnetic memories, display and video 
recorder systems. 


FEATURES 


• 120MHz bandwidth 


PIN CONFIGURATION 


N Package 


INPUT 
2 
1 
INPUT 
1 


NC 


G2B 
GAIN 
3 
G2A 
GAIN 
SELECT 
SELECT 


G 
' 
B 
GAIN 
4 
11 
G'A 
GAIN 
SELECT 
SELECT 


v+ 


NC 


OUTPUT 
2 
OUTPUT 
1 


TOP 
VIEW 


• 250kn input resistance 


• Selectable gains of 10,100, and 400 


• No frequency compensation 
required 


• Mll-STD-883A, 
B, C available 


• Video amplifier 


• Pulse amplifier in communications 


• Magnetic memories 


• Video recorder systems 


DESCRIPTION 
TEMPERATURE 
ORDER CODE 


14-Pin Plastic DIP 
-55°C to +125°C 
~A733N 


14-Pin Plastic DIP 
o to +70°C 
~733CN 


{ 


G1AO 


GAIN 
SELECT 


G2AO 


R14 
400kn 
-v 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VOIFF 
Differential input voltage 
±5 
V 


VCM 
Common-mode 
input voltage 
±6 
V 


Vcc 
Supply voltage 
±8 
V 


lOUT 
Output current 
10 
mA 


TJ 
Junction temperature 
+150 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TA 
Operating ambient temperature 
range 


1lA733C 
o to +70 
°C 


1lA733 
-55 to +125 
°C 


Po MAX 
Maximum power dissipation, 
1420 
mW 


25°C ambient temperature 
(still-air)l 


NOTE: 
1. The following derating factors should be applied 25°C: 
N package at 11.4mWfOC 


DC ELECTRICAL CHARACTERISTICS 
TA=+25°C, Vs=±6V, VCM=O,unless otherwise specified. Recommended 
operating supply voltages Vs=±6.0v. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
flA733C 
flA733 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Differential voltage gain 
RI = 2kQ, VOUT= 3Vp.p 


Gain 12 
250 
400 
600 
300 
400 
500 
VN 


Gain 22 
80 
100 
120 
90 
100 
110 
VN 


Gain 33 
8 
10 
12 
9 
10 
11 
VIV 


BW 


Gain 11 
40 
40 
MHz 


Gain 22 
90 
90 
MHz 


Gain 33 
120 
120 
MHz 


tR 
VOUT= 1Vp.p 


Gain l' 
10.5 
10.5 
ns 


Gain 22 
4.5 
12 
4.5 
10 
ns 


Gain 33 
2.5 
2.5 
ns 


tpo 
VOUT= 1Vp.p 


Gain 11 
7.5 
7.5 
ns 


Gain 22 
6.0 
10 
6.0 
10 
ns 


Gain 33 
3.6 
3.6 
ns 


R1N 


Gain 12 
4.0 
4.0 
kQ 


Gain 22 
10 
30 
20 
30 
kn 


Gain 33 
250 
250 
kQ 


Input capacitance2 
Gain 2 
2.0 
2.0 
pF 


los 
Input offset current 
0.4 
5.0 
0.4 
3.0 
IlA 


ISlAS 
Input bias current 
9.0 
30 
9.0 
20 
IlA 


VN01SE 
Input noise voltage 
BW=1kHz to 10MHz 
12 
12 
flVRMS 


V,N 
Input voltage range 
+1.0 
+1.0 
V 


CMRR 


Gain 2 
VCM=±1V, f,,100kHz 
60 
86 
60 
86 
dB 
Gain 2 
VcM-±l V, f=5MHz 
60 
60 
dB 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
IlA733C 
IlA733 
UNIT 


Min 
Typ 
Max 
Mln 
Typ 
Max 


SVRR 
Supply voltage rejection ratio Gain 2 
tNs =±fJ.5V 
50 
70 
50 
70 
dB 


Output offset voltage 
RL=~ 


Gain 11 
0.6 
1.5 
0.6 
1.5 
V 


Gain 2 and 32. 3 
0.35 
1.5 
0.35 
1.0 
V 


VCM 
Output common-mode 
voltage 
RL=~ 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


Output voltage swing, differential 
RL=2kn 
3.0 
4.0 
3.0 
4.0 
Vp.p 


ISINK 
Output sink current 
2.5 
3.6 
2.5 
3.6 
mA 


ROUT 
Output resistance 
20 
20 
Q 


Icc 
Power supply current 
RL=~ 
18 
24 
18 
24 
mA 


THE FOLLOWING 
SPECIFICATIONS 
APPLY OVER TEMPERATURE 
O°C S TA S 70°C 
·55°C S TAS 125°C 


Differential voltage gain 
R, = 2kQ, VOUT= 3Vp_p 


Gain 11 
250 
600 
200 
600 
VN 


Gain 22 
80 
120 
80 
120 
VN 


Gain3 
8 
12 
8 
12 
VN 


R'N 
Input resistance 


Gain 22 
8 
8 
kQ 


los 
Input offset current 
6 
5 
jlA 


IBIAS 
Input bias current 
40 
40 
jlA 


V,N 
Input voltage range 
±1.0 
+1.0 
V 


CMRR 
Common-mode 
rejection ratio 


Gain 2 
VcM=±V.FS100kHz 
50 
50 
dB 


SVRR 
Supply voltage rejection ratio 


Gain 2 
tNs=±O.5V 
50 
50 
dB 


Vos 
Output offset voltage 
RL=~ 


Gain 11 
1.5 
1.5 
V 
Gain 2 and 32,3 
1.5 
1.2 
V 


VDIFF 
Output voltage swing, differential 
RL=2kn 
2.8 
2.5 
Vp_p 


ISINK 
Output sink current 
2.5 
2.2 
mA 


Icc 
Power supply current 
RL±oo 
27 
27 
mA 


NOTES: 
1. 
Gain select pins G1A and GtB connected together. 


2. 
Gain select pins G2A and G2Bconnected together_ 
3. 
All gain select pins open. 
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Symbols and definitions for comparators 
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LM111/211/311 
Voltage comparator 
177 


LM319 
Dual voltage comparator 
_ 
_. . . .. 
180 


LM139A1239A1 


339A1LM139/239/ 
339/LM2901/ 
MC3302 


AU2901 


LM193/Al293/AI 


393/A/2903 
Low power dual voltage comparator 


AU2903 
Low power dual voltage comparator 


NElSE521 
High-speed dual-differential comparator/sense amp 


NE522 
High-speed dual-differential comparator/sense amp 


NE527 
Voltage comparator 
. 


NE529 
Voltage comparator 


Quad voltage comparator. 


Quad voltage comparator ... 
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MAX 
INPUT 


CURRENT 
OUTPUT 
VOLTAGE 


MAX INP 
SUPPLY 
RESPONSE 
COMMON 
OUTPUT 
VOLTAGE 
MAX OFF 


OFFSET 
VOLTAGE 
TIME 
MODE 
STRUCTURE 
GAIN 
INPUT 


COM- 
TEMP 
VOLT 
BIAS 
OFFSET 
(V) 
ITYP) 
VOLTAGE 
V OLMAX 
V 
OH MIN 
[TYP) 
TIL 
VOLTAGE 


DEVICE 
PLEXITY 
RANGE' 
(mV) 
(~ 
A) 
l~ 
A) 
(ns) 
RANGE 
IV) 
IV) 
(V) 
(V/mV) 
FANOUT 
(V) 


LM111 
SINGLE 
M 
3.0 
0.10 
0.01 
± 15 
200 
-14.51.13 
0.4 
OC 
200 
5 
± 30 


LM211 
SINGLE 
I 
3.0 
0.10 
0.01 
to 
200 
-14.51+13 
0.4 
OC 
200 
5 
± 30 


LM311 
SINGLE 
C 
7.5 
0.25 
0.05 
+5andGND 
200 
-14.51+13 
0.4 
OC 
200 
5 
±30 


NE527 
SINGLE 
C 
10.0 
4.00 
1.0 
± 10 
16 
± 5 
0.5 
2.7 
TIL 
5 
± 5 


SE527 
SINGLE 
M 
6.00 
4.00 
1.00 
+5 
16 
± 5 
0.5 
2.5 
TIL 
5 
± 5 


NE529 
SINGLE 
C 
10.0 
50.0 
15.0 
±10 
12 
± 5 
0.5 
2.7 
TIL 
5 
± 5 


SE529 
SINGLE 
M 
6.00 
36.0 
9.00 
and 
+5 
12 
± 5 
0.5 
2.5 
TIL 
5 
± 5 


AU2903 
DUAL 
AX 
7.0 
0.25 
0.05 
+210 
+36GND 
1300 
010 Vs-2 
0.7 
OC 
100 
2 
36 


LM119 
DUAL 
M 
7.00 
1.00 
0.10 
± 15 
80 
± 13 
0.4 
OC 
40 
2 
± 5 


LM219 
DUAL 
I 
7.00 
1.00 
0.10 
10 
80 
±13 
0.4 
OC 
40 
2 
± 5 


LM319 
DUAL 
C 
10.0 
1.20 
0.30 
+5 and OND 
80 
±13 
0.4 
DC 
40 
2 
± 5 


LMI93/193A 
DUAL 
M 
9.0014.0 
0.30 
0.10 
±1to±18 
1300 
o to Vs-2 
0.7 
OC 
200 
2 
36 


LM29:Y293A 
DUAL 
I 
9.0014.0 
0.40 
0.15 
Of 
1300 
o to Vs-2 
0.7 
DC 
200 
2 
36 


LM393I393A 
DUAL 
C 
9.0014.0 
0.40 
0.15 
+2 to +360ND 
1300 
010 Vs-2 
0.7 
OC 
200 
2 
36 


LM2903 
DUAL 
I 
15.0 
0.50 
0.20 
1300 
o to Vs-2 
0.7 
OC 
100 
2 
36 


NEiSE521 
DUAL 
M/C 
15/10.0 
40.0 
12.0 
+5~ClND 
8 
± 3 
0.5 
2.512.7 
TTL 
12 
± 6 


NEiSE522 
DUAL 
M/C 
15/10.0 
40.0 
12.0 
+5~GND 
10 
±3 
0.5 
OC 
12 
± 6 


AU2901 
QUAD 
AX 
7.0 
0.25 
0.05 
+210 
+360ND 
1300 
a to Vs-2 
0.7 
OC 
100 
2 
36 


LMI39/139A 
QUAD 
M 
9.0014.0 
0.30 
0.10 
1300 
a to Vs-2 
0.7 
OC 
200 
2 
36 


LM2391239A 
QUAD 
1 
9.0014.0 
0.40 
0.15 
±lto±18or 
1300 
o to Vs-2 
0.7 
OC 
200 
2 
36 


LM3391339A 
OUAD 
C 
9.0014.0 
0.40 
0.15 
+2 to +36 
1300 
o to Vs-2 
0.7 
OC 
200 
2 
36 


LM2901 
QUAD 
I 
15.0 
0.50 
0.20 
1300 
a to Vs-2 
0.7 
OC 
100 
2 
36 


MC3302 
QUAD 
1 
40.0 
1.00 
0.30 
+210 
+28GND 
1300 
o to Vs-2 
0.7 
OC 
100 
2 
36 
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Common-Mode 
Rejection 
Ratio 
(CMRR) 
The ratio of the change in input 
common-mode 
voltage (over a specified input 
common-mode 
range) to the corresponding 
change in Vas (see definition below). 
CMRR 
is expressed in dB where CMRR (dB) ; 
2010g(IlCMV/Il Vos). 


Differential 
Input 
Resistance 
(RIN) 


The small-signal 
resistance looking into either 


input terminal with the other input terminal 
connected to a specified voltage. 


Input 
Bias Current 
(lBIAS) 
. 
The current into either input terminal with 
both inputs connected 
to a common specified 
voltage. 


Input Common-Mode 
Voltage 
Range 
(CMVR) 
The range of input common-mode 
voltage for 
which operation within the specifications 
is 
guaranteed. 


Input Offset 
Current 
(Ios) 


The difference between the two input bias 
currents with both inputs connected to a 
common specified voltage. 


Input Offset 
Current 
Drift (TC1os) 
The ratio of the change in los to the 
corresponding 
change in temperature 
as that 
temperature 
deviates from 25°C. 


Input Offset 
Voltage 
(Vos) 
The minimum potential difference required 
between the input terminals to force the 
output to a specified voltage. 


Input Offset 
Voltage 
Drift (TCVos) 
The ratio of the change in Vas to the 
corresponding 
change in temperature 
as that 
temperature 
deviates from 25°C. 


Symbols and definitions for 
comparators 


Input to Output 
Propagation 


Delay (tpo) 
The propagation delay measured from the 
time the differential input signal equals Vas to 
the 50% point of the output transition with the 
comparator 
in the compare mode. 
The 
propagation 
delay is specified for a given 


initial input voltage (-V1N) and overdrive (Voo, 
see definition below) and can also be 
specified for both positive - (tpo.) and 
negative -(tPD-) going output transitions and 
is cpecified for a particular value of Voo (see 
definition below). 


Latch 
Disable 
Propagation 
Delay 


(tLPO) 
The propagation delay measured between 
the 50% point of the latch-to-compare 
transition of the latch enable signal and the 
50% point of the output transition. 
This 
propagation delay can be specified for both 
positive - (tIPO.) and negative - (tiPD-) going 
output transitions and is specified for a 
particular value of Voo (see definition below). 


Latch 
Hold Time (tH) 
The minimum time after the compare-to-Iatch 
transition of the latch enable signal that the 
input signal must remain unchanged 
in order 


to be acquired and held at the output. 
Hold 


time is measured from the 50% transition 
point of the latch enable signal to the point at 
which the differential input signal equals Vos 
and is specified for a particular value of Voo 
(see definition below). 


Latch Pulse Width 
(tW) 


The minimum time that the latch enable 
signal must be in the compare mode in order 
to acquire and subsequently 
hold an input 


signal change. 
Pulse width is measured 


between the 50% transition points of the latch 
enable pulse and is specified for a particular 
value of Voo (see definition below). 


Latch Setup 
Time 
(ts) 


The minimum time before the 
compare-to-Iatch 
transition of the latch enable 


signal that the input signal must remain 
unchanged 
in order to be acquired and held 
at the output. 
Setup time is measured from 
the point at which the differential input voltage 
equals Vos to the 50% transition point of the 
latch enable signal and is specified for a 
particular value of Voo (see definition below). 


Output 
High Current 
(IOH) 


The current that can be sourced at the output 
terminal at a specified output voltage. 


Output 
High Voltage 
(VOH) 


The high output voltage at a specified output 
source current and differential 
input voltage. 


Output 
High Current 
(loll 
The current that can be sunk at the output 
terminal at a specified output voltage. 


Output 
Low Voltage 
(VoLl 
The low output voltage at a specified output 
sink current and differential input voltage. 


Overdrive 
(Voo) 


The input overdrive (Voo) is the applied 
differential input voltage (V1N)in excess of the 
comparator 
input offset voltage (Vas); i.e., 


Voo ; VIN - Vos· 
The dynamic response of a 
comparator 
depends on the input overdrive 


and, for this reason, such parameters 
as 
propagation 
delay and latch setup time, hold 


time, and pulse width are specified for a 
particular value of Voo. 


Power 
Supply 
Rejection 
Ratio 
(PSRR) 
The ratio of the change in power supply 
voltage (over a specified power supply 
voltage range) to the corresponding 
change 


in Vos. 
PSRR is expressed 
in dB where 


PSRR(dB) ; 2010g(IlPSV/Il Vos). 


Voltage 
Gain (Av) 


The ratio of the change in output voltage 
(over a specified output voltage range) to the 
change in differential input voltage. 


DESCRIPTION 
The LM111 series are voltage comparators 
that have input currents approximately 
a 
hundred times lower than devices like the 
flA710. They are designed to operate over a 
wider range of supply voltages; from standard 
±15V op amp supplies down to the single 5V 
supply used for Ie logic. Their output is 
compatible with RTL, DTL, and TTL as well 
as MOS circuits. Further, they can drive 
lamps or relays, switching voltages up to 50V 
at currents as high as 50mA. 


Both the inputs and the outputs of the LM 111 
series can be isolated from system ground, 
and the output can drive loads referred to 
ground, the positive supply, or the negative 
supply. Offset balancing and strobe capability 
are provided and outputs can be wire-ORed. 


Although 
slower than the flA 710 (200ns 
re- 


sponse time vs 40ns), 
the devices 
are also 
much less prone to spurious oscillations. 
The 


LM111 series has the same pin configuration as 
the flA710 series. 


• Operates from single 5V supply 


• Maximum input bias current: 150nA 


(LM311-250nA) 


• Maximum offset current: 20nA 
(LM311-50nA) 


• Differential input voltage range: ±30V 


• Power consumption: 
135mW at±15V 


• High sensitivity-200VlmV 


• Precision squarer 


• Positive/negative 
peak detector 


• Low voltage adjustable 
reference supply 


• Switching power amplifier 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Cerdip 
-55°C to +125°C 
LM111FE 


8-Pin Plastic DIP 
-25°C to +85°C 
LM211N 


8-Pin Plastic SO 
o to +70°C 
LM311D 


8-Pin Plastic DIP 
o to +70°C 
LM311N 


8-Pin Plastic SO 
-25°C to +85°C 
LM211D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Total supply voltage 
36 
V 


Output to negative supply voltage: 


LM111/LM211 
50 
V 


LM311 
40 
V 


Ground to negative supply voltage 
30 
V 


Differential input voltage 
±30 
V 


V1N 
Input voltage 1 
±15 
V 


PDMAX 
Maximum power dissipation, 


TA=25°C (still-air) 1 


F package 
810 
mW 


N package 
1190 
mW 


D package 
780 
mW 


I 
Output short-circuit 
duration 
10 
sec 


TA 
Operating 
ambient temperature 
range 


LM111 
-55 to +125 
°C 


LM211 
-25 to +85 
°C 


LM311 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TsolD 


Lead soldering temperature 
300 
°C 
(10sec max) 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


F package at 6.4mW/OC 
N package at 9.5mW/OC 
D package at 6.2m/WoC 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM111/LM211 
LM311 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 
Input offset voltage3 
TA~25°e, Rs550kQ 
0.7 
3.0 
2.0 
7.5 
mV 


los 
Input offset current3 
TA~25°e 
4.0 
10 
6.0 
50 
nA 


IB1AS 
Input bias current 
TA~25°e 
60 
100 
100 
250 
nA 


Av 
Voltage gain 
TA~25°e 
200 
200 
V/mV 


Response time4 
TA~25°e 
200 
200 
ns 


Saturation voltage 
V1N5-5mV. louT~50mA 


VSAT 
TA~25°e 
0.75 
1.5 
0.75 
1.5 
V 


IBAUSTR 
Strobe on current 
TA~25°e 
3.0 
3.0 
mA 


Output leakage current 
VIN~5mV, VouT~35V 


ILEAKAGE 
TA~25°e, ISTROBE~3mA 
0.2 
10 
0.2 
50 
nA 


Vos 
Input offset voltage3 
Rs550kQ 
4.0 
10 
mV 


los 
Input offset current3 
20 
70 
nA 


IBIAS 
Input bias current 
150 
300 
nA 


VIN 
Input voltage range 
V~±15V (Pin 7 may go to 5V) 
-14.5 
13.8 -14.7 
13.0 
-14.5 
13.8-14.7 
13.0 
V 


Saturation voltage 
V~pO~4.5V, V-~O 


VOL 
V1N5-6mV. ISINK58mA 
0.23 
0.4 
0.23 
0.4 
V 


10H 
Output leakage current 
VIN~5mV. VouT~35V 
0.1 
0.5 
flA 


Ice 
Positive supply current 
TA~25°e 
5.1 
6.0 
5.1 
7.5 
mA 


lEE 
Negative supply voltage 
TA~25°e 
4.1 
5.0 
4.1 
5.0 
mA 


NOTES: 
1. This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is 
equal to the negative supply voltage or 30V below the positive supply, whichever 
is less. 


2. 
These specifications 
apply for Vs~±15V and ooe < TA < 70°C unless otherwsie specified. With the LM211, however, all temperature 
specifi- 
cations are limited to -25°C 5 TA 585°C 
and for the LM111 is limited to -55°C TA < 125°C. The offset voltage, offset current, and bias current 


specifications 
apply for any supply voltage from a single 5V supply up to ±15V supplies. 


3. 
The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 1mA 
load. Thus, these parameters 
define an error band and take into account the worst case effects of voltage gain and input impedance. 
4. 
The response time specified is for a 100mV input step with 5mV overdrive. 
5. 
Do not short the strobe pin to ground; it should be current driven at 3mA to 5mA. 


TTL Interface 
with 
High 


Level Logic 


DESCRIPTION 
The LM319 series are precision high-speed 
dual comparators 
fabricated on a single 
monolithic chip. They are designed to operate 
over a wide range of supply voltages down to 
a single SV logic supply and ground. Further, 
they have higher gain and lower input 
currents than devices like the J.lA710. The 
uncommitted 
collector of the output stage 
makes the LM319 compatible 
with RTL, DTL, 


and TIL 
as well as capable of driving lamps 
and relays at currents up to 2SmA. 


Although designed primarily for applications 
requiring operation from digital logic supplies, 
the LM319 series are fully specified for power 
supplies up to ±1SV. It features faster 
response than the LM111 at the expense of 
higher power dissipation. 
However, the 
high-speed, wide operating voltage range and 
low package count make the LM319 much 
more versatile than older devices like the 
J.lA711. 


INPUT{ 
- 


• Two independent 
comparators 


• Operates from a single SV supply 


• Typically BOns response time at ±1SV 


• Minimum fanout of 3 (each side) 


• Maximum input current of 1J.lAover tem- 
perature 


• Inputs and outputs can be isolated from 


system ground 


• High common-mode 
slew rate 


Rll 
R12 
13K 
13K 


R8 
2K 


R9 
18K 


OUTPUT 


R22 
ROO 
R18 


60 
3.6K 
UK 


TO OTHE 
HALF 
R2' 
250 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic SO 
o to +70°C 
LM319D 


14-Pin Plastic DIP 
Oto+70°C 
LM319N 


SYM- 
PARAMETER 
RATING 
UNIT 
BOL 


Vs 
Total supply voltage 
36 
V 


Output to negative supply voltage 
36 
V 


Ground to negative supply voltage 
25 
V 


Ground to positive supply voltage 
18 
V 


Differential input voltage 
±5 
V 


VIN 
Input voltage 1 
±15 
V 


Maximum power dissipation, TA=25°C 
(still-air)2 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1040 
mW 


Output short-circuit duration 
10 
s 


TA 
Operating temperature 
range 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(1Osec max) 
300 
°C 
NOTES: 
1. 
For supply voltages less than ±15V, the absolute maximum rating is equal to the supply voltage. 


2. 
Derate above 25°C, at the following rates: 
N package at 11.4mW/"C 
D package at 8.3mW/oC 


DC ELECTRICAL CHARACTERISTICS 
Vs=+15V, Doe 5TA'" 
70oe, unless otherwise 
specified. 
LM319, 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM319 
UNIT 


Mln 
Typ 
Max 


Vas 
Input offset voltage" 
2 
Rs",5kQ, TA=25°e 
2.0 
8.0 
mV 


Over temp. 
10 
mV 


los 
Input offset current'. 
2 
TA=25°e 
80 
200 
nA 


Over temp. 
300 
nA 


Is 
Input bias current' 
TA=25°e 
250 
1000 
nA 


Over temp. 
1200 
nA 


Av 
Voltage gain 
TA=25°e 
8 
40 
V/mV 


VOL 
Saturation voltage 
VIN",-10mV, IOUT=25mA, TA=25°e, V+?4.5V, V-=O 
0.75 
1.5 
V 


VIN"'-10mV,loUT=3.2mA 
0.3 
0.4 
V 


10H 
Output leakage current 
V-=OV, VIN?10mV 


VouT=35V, TA=25°e 
0.2 
10 
flA 


V1N 
Input voltage range 
Vs=±15V 
±13 
V 


V+=5V, V-=OV 
1 
3 
V 


VIO 
Differential input voltage 
±5 
V 


1+ 
Positive supply current 
V+=5V, V-=OV, TA=25°e 
4.3 
mA 


1+ 
Positive supply current 
Vs=±15V, TA=25°e 
8.0 
12.5 
mA 


1- 
Negative supply current 
Vs=±15V, TA=25°e 
3.0 
5.0 
mA 


NOTES: 
1. 
Vas, los and Is specifications 
apply for a supply voltage range of Vs=±15V down to a single 5V supply. 
2. 
The offset voltages and offset currents given are the maximum values required to drive the output to within 1V of either supply with a 1mA 
load. Thus these parameters 
define an error band and take into account the worst case effects of voltage gain and input impedance. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


tR 
Response time' 
Vs=±15V, TA=25°e 
80 
ns 
RL=500Q (see test figure) 


NOTES: 
1. The response time specified is for a 1OOmVstep with 5mV overdrive. 


Response 
Time for Various 
Response 
Time for Various 
Transfer 
Function 
Input Overdrives 
Input Overdrives 


40 
8.0 
> 
8.0 
> 
8.0 
I 
I 
I 
I 
V++.36V 
1-1 
Vs - 5.0V 
1-1 
1 
1 
VS-±15V 
::>w 
5.0 
Rl- 
500Kn 
::>w 
5.0 
>35 
7.00 
""" 
""" 
Rl-1.4KO 
I 
I 
~i! 
V+ + •• S.Ov 
1-" 
20mV ~r1/ I 
I 
1 
c: 
4.0 
::>1- 4.0 
630 
TA" 25°C 
1 
6.0 :;l 
05 
3.0 
1\ 1\ 
'\. 
TA - 25'C 
05 
1I~1- 
5.0mV 
:l: 
v· + •• S.QV 
c: 
> 
20mV \ 
\ 
f\.. 
I 
> 
3.0 
..• 
II 
1 
w25 
5.0 
C3 
2.0 
2.0 
" 
5.0mV 
2.0mV 
I 
2.0mV 
I 
~20 
4.0 ;! 
1.0 
1 


1.0 
:.l 
0 
" 
> 
0 
> 
VS-±15V 
- 
> 15 
3.0 
m 
E 
" 
E 
0 
I- 
5 
2:- 
Rl-5OOKO 
~ 
::> 
1-' 
0 
1-1 
100 
l= 10 
2.0 
:>E 
::>w 
::>w 
v· + •• S.QV 


1 
""" 
""" 
::> 
z 
<[ 
·50 
~~ 
50 
TA- 25°C - 
0 
5 
1.0 < 
- 
~ ·100 
I 
0 
0 


0 
0 
> 
> 


-1.0 
-0.6 
-0.2 
0.2 
0.6 
1.0 
0 
50 
100 150 200 
250 300 
350 
0 
50 
100 150 200 
2SO 300 
350 


DIFFERENTIAL INPUT VOLTAGE - V 
TlME-ne 
TIME-ne 


Response 
Time for Various 
Response 
Time for Various 
Input Characteristics 
Input Overdrives 
Input Overdrives 


400 
> 
6.0 


1 
> 6.0 


" 


VS-±15V 
I 
1-1 
5.0 
VS" ±15V 
1-' 
I 
I 
::>w 
~ ~ 
5.0 
c 
TA" 25°C 
- 
""" 
1\ 
'- 
RL - 500Kn 


20~V 
I 
I 
1 
300 
1-" 
8 ~ 4.0 
I- 
8:i 
4.0 


1 
\ 
v+ + •• S.QV 
z 
I 
2.0mV 
w 
~ 3.0 
TA" 25°C 
g 3.0 
a: 
20mV 
\. 
-.:.- 
5.0mV 
I" 
I 
a: 
200 
2.0 
::> 
2.0 
5.0mV 
'"' 
\ 
2.Jmv f--- 
I ~ 
VI 
1.0 
1.0 


" 
JJ, 
0; 
100 
> 
~ 
> 
0 
Vs - 5.0V 
l- 
E 
" 
E 
RL - SOOKO 
::> 
1-' 
0 
••.• I 100 
v+ +. 5.0V 
"" 
I 
;;:; 
::>w 
K ~ 
50 
0 
""" 
TA - 2~'C 
z c( 
·50 
~~ 
-I- 


1~1~'~~P~6l~~~~1 
f--- 
- 
~ ·100 
0 


·100 
0 
I 
> 
> 


-10 
·6.0 
·2.0 
2.0 
6.0 
10 
0 
so 
100 150 200 
250 300 
350 
0 
50 
100 
150 200 2SO 300 
350 


DIFFERENTIAL INPUT VOLTAGE - V 
TIME-ne 
TlME-ne 


Output 
L1mltiung 
Output 
Saturation 
Voltage 
Supply 
Current 
Characteristics 
25 
12 
120 
1.2 
1/ TA-25'C 
ITA~25'b 
"E 
TA-25°C 
" 
" 
10 


1 
100 
1.0 ~ 
E 
20 
E 
P~SIT:VE JUP~lY 1/........ 
l- 
I ",SHORT 
CIRCUITCURRENT 
z 
1 
1 
1 
W 
Z 
I- 
!Z 8 
a: 
80 
0.8 
0 
z 
15 
IX 


a: 
...•..•........... /'" 
i 
w 
w 
::> 
a: 
/ 


a: 
'"' 
a: 
a: 
6 
I- 
60 
0.6 
l1l 
::> 
::> 
5 
'"' 
'"' 


/~ESUPPLY_ 
'"' 
./" - 
is 
I- 
10 
> 
a: 
::> 
I 
~ 
4 
13 
40 
0.4 
a: 
"" 
w 
I- 
,/ 
l- 


/' 
POWERDISSIPATION 
~ 
::> 
::> 
~ 


0 
5 
VI 
L VS-±15V 
2 
20 
0.2 
"" 
VI 
I' 
0 
INPUT OVERDRIVE _ 5.0mV 
0 
0 
0 
0 
0.2 
0.4 
0.6 
0.8 
1.0 
0 
5 
10 
15 
20 
0 
5 
10 
15 


OUTPUT VOLTAGE - V 
SUPPLY VOLTAGE- V 
OUTPUT VOLTAGE - V 


250 


200 


':l 


I•... 
ili 
1SO 


a:a: 
::> 
'"' 
100 
•... 
::> 
Q.~ 
50 


NOTES: 


VOUT 
- 
SV tor VLT < VIN < VUT 
Vour· 
OVfor VIN < Vl Tor VIN > VUT 


Common-Mode 
Limits 


v· 


-0.' 


> 


I 
-0.8 
V>•...:i ·1.2 
:l 
w 
-1.8 
0~ ·2.0 
z~ 
1.2 
~ 
0 
0.8 
'"' 
0.' 
VS-;t,15V, 
Vs+ 
_S.OV, 
V"_O 


v- 


·55 
·'5 
5 
.5 
85 
125 


TEMPERATURE -'C 


5O<\>FI 


3k 


LM139A/239A/339A/LM139 


/239/339/LM2901/MC3302 


DESCRIPTION 
The LM139 series consists of four 
independent 
precision voltage comparators. 
with an offset voltage specification 
as low as 
2.0mV max for each comparator. which were 
designed specifically 
to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power suppiy current 
drain is independent 
of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic 
in that the 
input common-mode 
voltage range includes 
ground. even though they are operated from 
a single power supply voltage. 


The LM 139 series was designed to directly 
interface with TTL and CMOS. When 
operated from both plus and minus power 
supplies. the LM139 series will directly 
interface with MOS logic where their low 
power drain is a distinct advantage 
over 


standard comparators. 


FEATURES 


• Wide single supply voltage range 2.0Voc to 
36Voc or dual supplies ±1.0Voc to ±18Voc 


• Very low supply current drain (O.8mA) 
independent 
of supply voltage 
(1.0mW/comparator 
at 5.0Vocl 


• Low input biasing current 25nA 


• Low input offset current ±5nA and offset 
voltage 


• Input common-mode 
voltage range 


includes ground 


• Differential input voltage range equal to the 
power supply voltage 


• Low output 250mV at 4mA saturation 
voltage 


• Output voltage compatible with TIL, 
DTL. 


ECL, MOS and CMOS logic systems 


• Wide range VCO 


• MOS clock generator 


• High voltage logic gate 


• Multivibrators 


LM139A/239A/339A/LM 
139 
1239/339/LM290 
11MC3302 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Cerdip 
-55 to +125°C 
LM139F 


14-Pin Plastic DIP 
-25°C 
to +85°C 
LM239AN 


14-Pin Plastic DIP 
-25°C 
to +85°C 
LM239N 


14-Pin Plastic SO 
-25°C 
to +85°C 
LM239D 


14-Pin Plastic DIP 
-40°C to +85°C 
LM2901 N 


14-Pin Plastic SO 
-40°C 
to +85°C 
LM2901D 


14-Pin Plastic DIP 
o to +70°C 
LM339AN 


14-Pin Plastic SO 
o to +70°C 
LM339D 


14-Pin Plastic DIP 
o to +70°C 
LM339N 


14-Pln Plastic SO 
-40°C 
to +85°C 
MC3302D 


14-Pin Cerdip 
-40°C 
to +85°C 
MC3302F 


14-Pin Plastic DIP 
-40°C to +85°C 
MC3302N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Vcc supply voltage 
360r±18 
Voc 


V01FF 
Differential input voltage 
36 
Voc 


VIN 
Input voltage 
-{).3to 
+36 
Voc 


Po 
Maximum power dissipation, 
TA;25°C 
(still-air) 
1 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1040 
mW 


Output short-circuit 
to ground2 
Continuous 


IIN 
Input current (V1N<-{).3VoC)3 
50 
mA 


TA 
Operating temperature 
range 


LM139A 
-55 to +125 
°C 


LM239A 
-25 to +85 
°C 


LM339A 
o to +70 
°C 


LM2901/MC3302 
-40 to +85 
°C 


TSTG 
Storage temperature 
range 
--65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 
NOTES: 
1. 
Derate 
above 
25°C, 
at the following 
rates: 
F Package at9.5mW/oC 
N Package at 11.4mWfOC 
D Package at 8.3mW/oC 
2. 
Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is aproximately 
20mA independent 
of the magnitude of V+. 


3. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 


input PNP transistors 
becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators 
to go to the V+ voltage 
level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output slates 


will reestablish 
when the input voltage, which was negative, again returns to a value greater than -{).3Voc. 


LM139A/239A/339A/LM139 
/239/339/LM2901/MC3302 


DC AND AC ELECTRICAL CHARACTERISTICS 
V+=5VDC, LM139A1LM139: -55°C 
S TA S 125°C; LM239: -25°C 
S TA S 85°C; LM339: O°C S TA S 70°C; LM339A: O°C S TAS 70°C; LM239A: 
-25°C S TA S 85°C; LM2901/LM3302: 
-40°C 
S TA S 85°C, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM139A 
LM239A1339A 
UNIT 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Vos 
Input offset voltage2 
TA=25°C 
±1.0 
±2.0 
±1.0 
±2.0 
mV 


Over temp. 
±4.0 
±4.0 
mV 


VCM 
Input common-mode 
voltage 
TA=25°C 
0 
V+-1.5 
0 
V+-1.5 
V 
range3 
Over temp. 
0 
V+-2.0 
0 
V+-2.0 


Keep all 


V1DR 
Differential input voltage 1 
V1Ns"OVDC 
V+ 
V+ 
V 


(or V- if need) 


IIN!+)or IIN(_)with output in 


'SIAS 
Input bias current'! 
linear range 


TA=25°C 
25 
100 
25 
250 
nA 


Over temp. 
300 
400 
nA 


IIN(+)-IIN(_) 


los 
Input offset current 
TA=25°C 
±3.0 
±25 
±5.0 
±50 
nA 


Over temp. 
±100 
±150 
nA 


V1NH"1VOC. V1N(+)=0, 


VQS1.5VDC, 


10L 
Output sink current 
TA=25°C 
6.0 
16 
6.0 
16 
mA 
Vo=800mV, 
over temp. 


VIN(+),,1Voc• VIN(-)=O 


Vo=5Voc, 


10H 
Output leakage current 
TA=25°C 
0.1 
0.1 
nA 


VO=30VDC, 


over temp. 
1.0 
1.0 
!iA 


V+=5V, RL=00 


Icc 
Supply current 
on comparators, 


TA=25°C 
0.8 
2.0 
0.8 
2.0 
mA 


V+=30V 


Av 
Voltage gain 
RL,,15kn, 
50 
200 
50 
200 
V/mV 
V+=15Voc 


VIN(_),,1Voc. VIN(+)=O, 


VOL 
Saturation voltage 
ISINKS4mA 
TA=25°C 
250 
400 
250 
400 
mV 


Over temp. 
700 
700 
mV 


tLsR 
Large-signal 
response time 
V1N=TIL 
logic swing, VREF=1.4VDC, 
300 
300 
VRL=5VDC, RL=5.1kn, 
TA=25°C 
ns 


tR 
Response timeS 
VRL=5VDC, RL=5.1kn, 
1.3 
1.3 
TA=25°C 
i!s 


LM 139A/239A/339A/LM 
139 
/239/339/LM2901/MC3302 


DC AND AC ELECTRICAL CHARACTERISTICS 
v+=5Voc, 
LM139A1LM139: -55DC';; TA S;125DC; LM239: -25DC S;TA,;; 65DC; LM339: ODCS;TA S;70DC; LM339A: ODCS;TAS;70DC; LM239A: 


-25DC S;TA';; 65DC; LM2901/LM3302: 
-40DC S;TAS;65DC. unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM139 
LM239/339 
UNIT 


Min 
Typ 
Max 
Mln 
Typ 
Max 


Vas 
Input offset voltage2 
TA=25DC 
±2.0 
±5.0 
±2.0 
±5.0 
mV 
Over temp. 
±9.0 
±9.0 
mV 


VCM 


Input common.;node 
voltage 
TA=25DC 
0 
V+-l.5 
0 
V+-1.5 
V 
range3 
Over temp. 
0 
V+-2.0 
0 
V+-2.0 


Keep all 
V10R 
Differential input voltage 1 
V1NS?OVOC 
V+ 
V+ 
V 
(or V- if need) 


IIN(+)or IIN(-)with output in 


ISlAs 
Input bias current" 
linear range 
TA=25DC 
25 
100 
25 
250 
nA 
Over temp. 
300 
400 
nA 


IIN(+)-IIN(-) 


los 
Input offset current 
TA=25DC 
±3.0 
±25 
±5.0 
±50 
nA 


Over tamp. 
±loo 
±150 
nA 


V1N(_)?lVac, VIN(+)=O, 
VoS;1.5Voc. 
10L 
Output sink current 
TA=25DC 
6.0 
16 
6.0 
16 
mA 
Vo=6oomV. 
over temp. 


V1N(+)?lVoc• V1NH=O 


Vo=5Voc, 


'OH 
Output leakage current 
TA=25DC 
0.1 
0.1 
nA 


Vo=30Voc, 


overtemp. 
1.0 
1.0 
J.1A 


V+=5V. RL=00 


Icc 
Supply current 
on comparators, 
TA=25DC 
0.6 
2.0 
0.6 
2.0 
mA 
V+=30V 


Av 
Voltage gain 
RL?15kn. 
50 
200 
50 
200 
V/mV 
V+=15Voc 


V1N(_)?1Vac, VIN(+)=O, 


VOL 
Saturation voltage 
ISINK,;;4mA 
TA=25DC 
250 
400 
250 
400 
mV 
Over temp. 
700 
700 
mV 


It.sR 
Large-signal 
response time 
V1N=TTL logic swing. VREF=l.4Voc• 
300 
300 
VRL=5VOC,RL=5.1kQ. TA=25DC 
ns 


tR 
Response timeS 
VRL=5Voc, RL=5.1kn, 
1.3 
1.3 
TA=25DC 
J.1s 


LM139A/239A/339A/LM 
139 


1239/339/LM2901/MC3302 


DC AND AC ELECTRICAL CHARACTERISTICS 
V+=5VDC, LM139NLM139: 
-55°C 
S TA S 125°C; LM239: -25°C 
S TA S 85°C; LM339: O°C sTA S 70°C; LM339A: O°C S TA S 70°C; LM239A: 
-25°C 
S TA S 85°C; LM2901/LM3302: 
-40°C 
S TAS 85°C, unless otherwise specified. 


SYM· 
PARAMETER 
TEST CONDITIONS 
LM2901 
MC3302 
UNIT 
BOL 


Min 
Typ 
Max 
Min 
Typ 
Max 


Input offset voltage2 
TA=25°C 
±2.0 
±7.0 
±3.0 
±20 
mV 
Vas 
Over temp. 
±9 
±15 
±40 
mV 


Input common-mode 
voltage 
TA=25°C 
0 
V+-1.5 
0 
V+-1.5 
V 
VCM 
range3 
Over temp. 
0 
V+-2.0 
0 
V+-2.0 


Keep all 


VIDR 
Differential input voltage' 
VINs~OVDC 
V+ 
V+ 
V 
(or V- if need) 


IIN(+)or IIN(_)with output in 


ISlAs 
Input bias current" 
linear range 


TA=25°C 
25 
250 
25 
500 
nA 


Over temp. 
200 
500 
1000 
nA 


IIN(+)-IIN(-) 


los 
Input offset current 
TA=25°C 
±5 
±50 
±5 
±100 
nA 


Over temp. 
±50 
±200 
±300 
nA 


VIN(_)~1VDC,VIN(+)=O, 
6.0 
16 
6 
mA 
VoS1.5VDC, 


10L 
Output sink current 
TA=25°C 
Vo=800mV, 
over temp. 
2.0 
mA 


VIN(+)~1VDC, VIN(-)=O 


VO=5VDC, 


10H 
Output leakage current 
TA=25°C 
0.1 
0.1 
nA 


VO=30VDC, 


over temp. 
1.0 
1.0 
l!A 


V+=5V,RL=oo 
.8 
1.8 


Icc 
Supply current 
on comparators, 


TA=25°C 
0.8 
2.0 
mA 


V+=30V 
1.0 
2.5 


Av 
Voltage gain 
RL~15k.Q, 
25 
100 
2 
100 
V/mV 
V+=15VDC 


VIN(-)~1VDC,VIN(+)=O, 


VOL 
Saturation voltage 
ISINKS4mA 
TA=25°C 
400 
150 
400 
mV 


Over temp. 
400 
700 
700 
mV 


tLSR 
Large-signal 
response time 
VIN=TTL logic swing, VREF=1.4VDC, 
300 
300 
ns 
VRL=5VDC, RL=5.1 kQ, TA=25°C 


tR 
Response time5 
VRL=5VDC, RL=5.1kQ, 
1.3 
1.3 
~s 
TA=25°C 


NOTES: 
1. 
Positive excursions 
of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the common- 
mode range, the comparator 
will provide a proper output state. The low input voltage state must not be less than -{).3VDC (or 0.3VDc below 
the magnitude 
of the negative power supply, if used). 


2. 
At output switch point, Vo ~ 1.4VDC, Rs=OQ with V+ from 5VDC to 30VDC; and over the full input common-mode 
range (OVDCto 
V+ - 1.5VDC)' Inputs of unused comparators 
should be grounded. 
3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode 
voltage range is V+ - 1.5V, but either or both inputs can go to 30VDC without damage. 


4. 
The direction of the input current is out of the IC due to the PNP input stage. This current is essentially 
constant, independent 
of the state of 
the output so no loading change exists on the reference or input lines. 
5. 
The response time specified is for a 100mV input step with a 5mV overdrive. For larger overdrive signals, 300ns can be obtained (see typical 
performance 
characteristics 
section). 
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DESCRIPTION 
The AU290 1 consists of four independent 
precision voltage comparators, 
with an offset 


voltage specification 
as low as 2.0mV max for 


each comparator, which were designed 
specifically to operate from a single power 
supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent 
of the magnitude of the 


power supply voltage. These comparators 
also have a unique characteristic 
in that the 


input common-mode 
voltage range includes 


ground, even though they are operated from 
a single power supply voltage. 


The AU2901 was designed to directly 
interface with TTL and CMOS. When 
operated from both plus and minus power 
supplies, the AU2901 will directly interface 
with MOS logic where their low power drain is 
a distinct advantage 
over standard 


comparators. 


• Wide single supply voltage range 2.0VDC 
to 36VDC or dual supplies ±1.0VDC to 
±18VDC 


• Very low supply current drain (O.8mA) 
independent 
of supply voltage 
(1.0mW/comparator 
at 5.0VDC) 


• Low input biasing current 25nA 


• Low input offset current ±5nA and offset 
voltage 


• Input common-mode 
voltage range 
includes ground 


• Differential input voltage range equal to the 
power supply voltage 


• Low output 250m V at 4mA saturation 


voltage 


• Output voltage compatible with TTL, DTL, 


ECL, MOS and CMOS logic systems 


• Wide range VCO 


• MOS clock generator 


• High voltage logic gate 


• Multivibrators 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic SO 
-40°C 
to +125°C 
AU2901D 


14-Pin Plastic DIP 
-40°C 
to +125°C 
AU2901N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Vcc supply voltage 
360r±18 
Voc 


V01FF 
Differential input voltage 
36 
Voc 


V1N 
Input voltage 
....{).3to +36 
Voc 


POMAX 
Maximum power dissipation, 


TA=25°C (still-air) 
1 


N package 
1420 
mW 


D package 
1040 
mW 


Output short-<:ircuit to ground2 
Continuous 


IIN 
Input current (VIN<....{).3VOC)3 
50 
mA 


TA 
Operating temperature 
range 


AU2901 
-40 to +125 
°C 


TSTG 
Storage temperature 
range 
~5 
to +150 
°C 


TSOLO 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 


1. 
Derate above 25°C, at the following rates: 
N Package at 11.4mWf'C 
D Package at8.3mW/oC 


2. 
Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is aproximately 
20mA independent 
of the magnitude of V+. 


3. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 
input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators 
to go to the V+ voltage 
level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output states 


will reestablish 
when the input voltage, which was negative, again returns to a value greater than ....{).3Voc. 


ELECTRICAL CHARACTERISTICS 
v+-5Voc 
AU2901' -40°C 
TA S 125°C, unless otherwise specified. 
- 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2901 
UNIT 


Min 
Typ 
Max 


Input offset voltage2 
TA=25°C 
±2.0 
±7.0 
mV 


Vos 
Over temp. 
±9 
±15 


Input common-mode 
voltage3 range 
TA = 25°C 
0 
V-+-1.5 


V 
VCM 
Over temp. 
0 
V-+-2.0 


Keep all 


VIOR 
Differential input voltage1 
VINs~OVOC 
V+ 
V 


(or V- if need) 


IIN(+)or IIN(_)with output in 


IBIAS 
Input bias currenf 
linear range 
nA 
TA = 25°C 
25 
250 


Over temp. 
200 
500 


IIN(+)-IIN(_) 


105 
Input offset current 
TA = 25°C 
±5 
±50 
nA 


Over temp. 
±50 
±200 
nA 


VIN(_)~ Woc, V1N(+)= 0, 
6.0 
16 
mA 


10l 
Output sink current 
VoS 1.5Voe, 


TA = 25°C 


VIN(+)~ Woe, V1NH = 0 


Vo=5Voe, 


10H 
Output leakage current 
TA=25°C 
0.1 
nA 


Vo= 30Voe, 


Over temp. 
1.0 
~ 


V+ =5V, Rl=- 


Icc 
Supply current 
on comparators, 
mA 
TA= 25°C 
0.8 
2.0 


V+=30V 
1.0 
2.5 


Av 
Voltage gain 
Rl~ 
15kQ, 
25 
100 
V/mV 
V+ = 15Voc 


V1N(_)~ Woe, V1N(+)= 0, 


VOL 
Saturation voltage 
IsINKS4mA 
mV 
TA = 25°C 
400 


Over temp. 
400 
700 


VIN= TTL logic swing, VREF= 


tlSR 
Large-signal 
response time 
l.4Voe, 
VRl = 5VDC, 
300 
ns 


Rl = 5.1 kQ, TA= 25°C 


tR 
Response time5 
VRl = 5Voc, Rl = 5.1 kQ, 
1.3 
Ils 
I 
TA = 25°C 


NOTES: 


1. 
Positive excursions 
of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the 
common-mode 
range, the comparator 
will provide a proper output state. The low input voltage state must not be less than -O.3Voc 
(or 
0.3Voe below the magnitude of the negative power supply, if used). 


2. 
At output switch point, Vo = l.4Voc, 
Rs=OQ with V+ from 5Voc to 30Voc; and over the full input common-mode 
range (OVDCto 
V+-1.5Voc)· 


3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 


common-mode 
voltage range is V+ - 1.5V, but either or both inputs can go to 30Voc without damage. 


4. 
The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially 
constant, independent 
of the state of 


the output so no loading change exists on the reference or input lines. 


5. 
The response time specified is for a 100mV input step with a 5mVoverdrive. 
For larger overdrive signals, 300ns can be obtained (see 
Typical Performance 
Characteristics 
section). 


+VC 


FREQUENCY 


CONTROL 


VOLTAGE 


INPUT 


OUTPUT 
2 


IVV 


NOTES: 


V+ = 30VOC 
+ 250m VOC ~ Vc = SOVOC 


700H 
5 10 = 100kHz 


nn.V+ 


o 


Supply Current 
Input Current 
Output Saturation 
Voltage 


1.0 
80 
.. 1 
I 
L 
I 
10 


I 
10UTIOF ~= 


TA55'C~ 
2: 
.. , 
Tl.s5~C 
.P 
VIN(CM) = 0 VDC _ 
<:. 
iAT~RATION 
~ 0.8 


R N(C 
) = 10kn 
w 
_f-"i"" 
c 
60 
Cl 
1.0 
•.. 


1 
TI\=55'C 
~ 
/.: 
z 
, 
w 
.-- 
•.. 
5 
~ 
0.6 
TA = +25°C - - 
z 
T 
-+125.C~ 
7 
" 
L 
w 
TA = O'C 
> 
:0 
a: 
z 
u 
a: 
40 
0 
0.1 


~ VT,A-55'C 
~ 0.4 
",...- 
TA,= +70'C 
:0 
:i 
u 
, 
, 
... 
•.. 
a: 
0.. 
:0 
,- 
:0 
~ I' 
:0 
0.. 


~ 
0.01 


(I) 
Tf = 'f5'C - 
z 
20 


10.2 
••.. 
I 
T1 = +~5'C 
T~ =+~5·C 
h 
~ ~ 
TA 


1 
-+l,5' 
- 
I 
~ 
TA=+70°C 
I~ 
I RL1- 
T 
I 
> 
I 
0.001 


0 
10 
20 
30 
40 
0 
10 
20 
30 
40 
0.01 
0.1 
1.0 
10 
100 


V+ - 
SUPPLY VOLTAGE - 
VDC 
v + - 
SUPPLY VOLTAGE - 
VDC 
10 - 
OUTPUT SINK CURRENT (mA) 


OPOSS70S 
OPGSSIOS 
........ 


Response Time for Various 
Response Time for Various 


Input Overdrives 
- 
Input Overdrives 
- 


Negative Transition 
Positive Transition 


w 
6 
w 
6 
NP~T 
Cl 
SmV = I~PU.TOVJ=.RnRlye 
" 
VE DRIVE = l00mV 
~ 
5 
.. 
5 
...J> 
+5V 
~> 
II 
~ 
E 
4 
. .~ 


> E 
4 
, 
;1 
•.• 
1 
5m 


~~ 
3 
5.1K 
e~ 
3 
, I 


:0 
2 
VIN 
: 
8 
2 
.20' 
I 
+5V 
0 
1 
m 
VOUT 
1 


I I' 'f 
1 
I 
w 
w 


Cl 
0 
Cl 
0 


~> 
I 
~> 
~r 


5 E 
0 
5 ~ 
0 
> 
1 
, 
VIN 
- 


.- ~-50 
°IERfRlrE 
-- 
;: ~-50 - 
f,TA,25;C 
.". 
+.". 
VOUT 
:0> 
~> 
0.. 
-100 
'" 
I I 
TA·25·C- 
~ 
-100 
I 
OVERDRIVE 


0 
0.5 
1.0 
1.5 
2.0 
0 
0.5 
1.0 
1.5 
2.0 
TlME-}lsec 
nME-~sec 


OPC41lO0S 
OP05f10S 


DESCRIPTION 
The LM193 series consists of two 
independent 
precision voltage comparators 
with an offset voltage specification 
as low as 
2.0mV max. for two comparators 
which were 
designed specifically 
to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent 
of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic 
in that the 
input common-mode 
voltage range includes 
ground, even though operated from a single 
power supply voltage. 


The LM193 series was designed to directly 
interface with TTL and CMOS. When 
operated from both plus and minus power 
supplies, the LM 193 series will directly 
interface with MOS logic where their low 
power drain is a distinct advantage 
over 


standard comparators. 


FEATURES 


• Wide single supply voltage range 2.0VDC 
to 36VDC or dual supplies ±1.0VDC, to 
±18VDC 


• Very low supply current drain (O.SmA) inde- 
pendent of supply voltage (2.0mW/compa- 
rator at 5.0VDC) 


• Low input biasing current 25nA 


• Low input offset current ±5nA and offset 


voltage ±2m V 


• Input common-mode 
voltage range in- 


cludes ground 


• Differential input voltage range equal to the 
power supply voltage 


• Low output 250mV at 4mA saturation volt- 
age 


• Output voltage compatible with TIL, 
DTL, 


ECL, MOS and CMOS logic systems 


• Wide range VCO 


• MOS clock generator 


• High voltage logic gate 


• Multivibrators 


INVERTING 
INPUT A 


NON- 
INVERTING 
3 
INPUT A 
GND 
4 


INVERTING 
INPUT B 


NON- 
INVERTING 
INPUT B 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Cerdip 
-55°C to +125°C 
LM193FE 


8-Pin Cerdip 
-25°C to +85°C 
LM293FE 


8-Pin Plastic DIP 
-25°C to +85°C 
LM293N 


8-Pin Plastic SO 
-25°C to +85°C 
LM293D 


8-Pin Plastic DIP 
-25°C to +85°C 
LM293AN 


8-Pin Cerdip 
o to +70°C 
LM393AFE 


8-Pin Cerdip 
o to +70°C 
LM393FE 


8-Pin Plastic SO 
o to +70°C 
LM393D 


8-Pin Plastic DIP 
o to +70°C 
LM393N 


8-Pin Plastic DIP 
o to +70°C 
LM393AN 


8-Pin Plastic DIP 
-40°C to +85°C 
LM2903N 


18-Pin Plastic DIP 
-40°C to +85°C 
LM2903D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
360r±18 
Voc 


Differential input voltage 
36 
Voc 


VIN 
Input voltage 
-0.3 to +36 
Voc 


Po 
Maximum power dissipation, 
TA=25°C (still-air) 1 


F package 
780 
mW 
N package 
1160 
mW 
D package 
780 
mW 


Output short-circuit to ground2 
Continuous 


IIN 
Input current (VIN<-0.3VOC)3 
50 
mA 


TA 
Operating 
temperature 
range 
LM193/193A 
-55 to +125 
°C 


LM293/293A 
-25 to +85 
°C 
LM393/393A 
o to +70 
°C 
LM2903 
-40 to +85 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLO 
Lead soldering temperature 
300 
°C 


(10sec max) 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


F package at 6.2mW/oC 
N package at 9.3mW/oC 
D package at 6.2mW/oC 
2. 
Short circuits from the output to V+ can cause excessive heating and eventual destruction. 
The maximum output current is approximately 
20mA independent 
of the magnitude of V+. 
3. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 
input PNP transistors 
becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 


NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators 
to go to the V+ voltage 
level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output states 
will re-establish 
when the input voltage, which was negative, again returns to a value greater than -0.3Voc. 


DC AND AC ELECTRICAL CHARACTERISTICS 
V+=5VDC, 
LM193/193A: 
-55°C TA ~ + 125°C, unless otherwise 
specified. 
LM2931293A: -25°C TA ~ +85°C, unless otherwise specified. 


LM393/393A: 
O°C TA $ +70°C, unless otherwise 
specified. 
LM2903: -40°C TA $ +85°C, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM193A 
LM293A/393A 
LM2903 
UNIT 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Vos 


Input offset volt- 
TA=25°C 
±1.0 
±2.0 
±1.0 
±2.0 
±2.0 
±7.0 
mV 
age2 
Over temp. 
±4.0 
±4.0 
±9 
±15 
mV 


Input com- 
TA=25°C 
0 
V+-1.5 
0 
V+-1.5 
0 
V+-1.5 
V 
VCM 
mon-mode voltage 
Over temp. 
0 
V+-2.0 
0 
V+-2.0 
0 
V+-2.0 
V 
range3,6 


V'OR 


Differential input 
Keep all VINS"OVoc (or 
V+ 
V+ 
V+ 
V 
voltage1 
V- if need) 


IIN(+)or I'N(.)with output 


IB1AS 
Input bias current'! 
in linear range 
TA=25°C 
25 
100 
25 
250 
25 
250 
nA 
Over temp. 
300 
400 
200 
500 
nA 


I'N(+,-IIN(., 
los 
Input offset current 
TA=25°C 
±3.0 
±25 
±5.0 
±50 
±5 
±50 
nA 
Over temp. 
±100 
±150 
±50 
±200 
nA 


VIN(.)"1Voc, V,N(+)=O, 
IOL 
Output sink current 
Vo$l.5Voc 
6.0 
16 
6.0 
16 
6.0 
16 
mA 
TA=25°C 


Vo=5Voc, TA=25°C 
0.1 
0.1 
0.1 
jlA 


IOH 
Output leakage cur- 
V,N(+)"l Voc, V'N(.)=O 


rent 
Vo=30Voc 
1.0 
1.0 
1.0 
nA 
Over temp. 


RL=00on both 


comparators. 


Icc 
Supply current 


TA=25°C 
0.8 
1 
0.8 
1 
0.8 
1 
mA 


V+=30V, over temp. 
1 
2.5 
1 
2.5 
1 
2.5 
mA 


Av 
Voltage gain 
RL,,15kn, V+=15Voc, 
50 
200 
50 
200 
25 
100 
VlmV 
TA=25°C 


V'N(.)"1Voc, V,N(+)=O, 


Is1NP4mA 


VOL 
Saturation 
voltage 


TA=25°C 
250 
400 
250 
400 
400 
400 
mV 


Over temp. 
700 
700 
700 
mV 


V,N=TTL logic swing, 


tLSR 
Large-signal 
VREF=l.4Voc 
300 
300 
300 
response time 
VRL=5VOC,RL=5.1kQ, 
ns 


TA=25°C 


tR 
Response times 
VRL=5VOC,RL=5.1kQ 
1.3 
1.3 
1.3 
TA=25°C 
fls 


DC ELECTRICAL CHARACTERISTICS 
(Continued) 
V+=5VDC, 
LM1931193A: -55°C TA :s;+125°C. unless otherwise specified. 
LM293/293A: 
-25°C TA :s;+85°C, unless otherwise 
specified. 


LM393/393A: 
O°C TA :s;+70°C, unless otherwise specified. 
LM2903: -40°C TA:S;+85°C, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LM193 
LM293/393 
UNIT 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Input offset voltage2 
TA=25°C 
±2.0 
±5.0 
±2.0 
±5.0 
mV 


Vas 
Over temp. 
±9.0 
±9.0 
mV 


Input common-mode 
TA=25°C 
0 
V±-1.5 
0 
V+-l.5 
V 
VCM 
voltage range3, 6 
Over temp. 
0 
V±-2.0 
0 
V+-2.0 
V 


V1DR 
Differential input volt- 
Keep all V1NS"OVDC 
V+ 
V+ 
V 
agel 
(or V-if need) 


lINt.) or IIN(-)with output 


IBIAS 
Input bias current<! 
in linear 
range 
TA=25°C 
25 
100 
25 
250 
nA 
Over temp. 
300 
400 
nA 


IINt.,-IIN(-) 
nA 
los 
Input offset current 
TA=25°C 
±3.0 
±25 
±5.0 
±50 
nA 
Over temp. 
±100 
±150 


V1N(-l"IVoc• V1N(.)=0, 
10L 
Output sink current 
Vo:S;I.5Voc 
6.0 
16 
6.0 
16 
mA 
TA=25°C 


V1N(.,,,tVOC. VIN(_)=O, 


IOH 
Output leakage current 
VO=5VDC 
TA=25°C 
0.1 
0.1 
nA 
Vo=30VDC over temp. 
1.0 
1.0 
IlA 


RL=00on both comparators 
Icc 
Supply current 
TA=25°C 
0.8 
1 
0.8 
1 
mA 
V+=30V, over temp. 
2.5 
2.5 
mA 


Av 
Voltage gain 
RL,,15kQ, V+=15VDC 
50 
200 
50 
200 
V/mV 


V1N(_),,1Voc• VIN(.)=O, 


VOL 
Saturation voltage 
ISINKS4mA 
TA=25°C 
250 
400 
250 
400 
mV 
Over temp. 
700 
700 
mV 


V1N=TTL logic swing, 


tLSR 
Large signal 
VREF=I.4Voc• VRL=5Voc 
300 
300 
ns 
response time 
RL=5.1kn. 
TA=25°C 


VRL=5VDC, 


tR 
Response timeS 
RL=5.1kn 
1.3 
1.3 
Ils 
TA=25°C 


NOTES: 
1. 
Positive excursions 
of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the com- 
mon-mode 
range, the comparator 
will provide a proper output state. The low input voltage state must not be less than -0.3VDC (VDC below 
the magnitude of the negative power supply, if used). 
2. 
At output switch point, Va = 1.4Voc• Rs=On with V+ from 5VDC to 30Voc and over the full input common-mode 
range (OVDCto V+-l.5VDC)' 


3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 


common-mode 
voltage range is V+-1.5V. but either or both inputs can go to 30VDC without damage. 
4. 
The direction of the input current is out of the IC due to the PNP input stage. This current is essentially 
constant. independent 
of the state of 


the output so no loading change exists on the reference or input lines. 
5. 
The response time specified is for a 1OOmVinput step with a 5mV overdrive. 


6. 
For input signals that exceed Vcc, only the overdriven comparator is affected. With a 5V supply. V1Nshould be limited to 25V maximum, and 
a limiting resistor should be used on all inputs that might exceed the positive supply. 
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DESCRIPTION 
The AU2903 consists of two independent 
precision voltage comparators 
with an offset 
voltage specification 
as low as 2.0mV max. 
for two comparators 
which were designed 
specifically to operate from a single power 
supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independent 
of the magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic 
in that the 
input common-mode 
voltage range includes 
ground, even though operated from a single 
power supply voltage. 


• Wide single supply voltage range 2.0Voc to 
36Voc or dual supplies ±1.0Voc• to ±18Voc 


• Very low supply current drain (O.8mA) 
independent 
of supply voltage 
(2.0mW/comparator 
at 5.0Voc) 


• Low input biasing current 25nA 


• Low input offset current ±5nA and offset 
voltage ±2mV 


• Input common-mode 
voltage range 
includes ground 


• Differential input voltage range equal to the 
power supply voltage 


• Low output 250mV at 4mA saturation 


voltage 


• Output voltage compatible with TTL, DTL, 


ECL, MOS and CMOS logic systems 


• Wide range VCO 


• MOS clock generator 


• High voltage logic gate 


• Multivibrators 


INVERTING 
INPUT A 
NON- 
INVERTING 
INPUT A 


GND 
4 


INVERnNG 
INPUT B 
NON- 
S 
INVERnNG 
INPUT B 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
-40°C to +125°C 
AU2903D 


8-Pin Plastic DIP 
-40°C to + 125°C 
AU2903N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
360r±18 
Voc 


Differential input voltage 
36 
Voc 


V1N 
Input voltage 
-0.3 to +36 
Voc 


POMAX 
Maximum power dissipation, 


TA=25°C (still-air)3 


N package 
1160 
mW 


D package 
780 
mW 


Output short-circuit to ground' 
Continuous 


IIN 
Input current (V1N<-0.3VoC)2 
50 
mA 


TA 
Operating 
temperature 
range 


AU2903 
-40 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. Short circuits from the output to V+ can cause excessive heating and eventual destruction. 
The maximum output current is approximately 
20mA independent 
of the magnitude of V+. 
2. 
This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the 


input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the comparators 
to go to the V+ voltage 


level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output states 
will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3Voc. 


3. 
Derate above 25°C, at the following rates: 


N package at 9.3mW/oC 
D package at 6.2mW/oC 


DC AND AC ELECTRICAL CHARACTERISTICS 
v+=5Voe, 
AU2903; -40oe, 
TA < +125°e. unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AU2903 
UNIT 


Min 
Typ 
Max 


Input offset voltage2 
TA= 25°e 
±2.0 
±7.0 
mV 
Vas 
Over temp. 
±9 
±15 


Input common-mode 
voltage range3, 
TA= 25°e 
0 
V+-1.5 
V 
VCM 
6 
Over temp. 
0 
V+-2.0 


VIOR 
Differential input voltage 1 
Keep all VINS~ OVOC(or V- if need) 
V+ 
V 


IIN(+)or IIN(.)with output 


ISlAs 
Input bias current" 
in linear range 
nA 
TA=25°e 
25 
250 


Over temp. 
200 
500 


IIN(+)-IIN(-) 
los 
Input offset current 
TA= 25°e 
±5 
±50 
nA 


Over temp. 
±50 
±200 
nA 


VIN(_)~ Woc, VIN(+)= 0, 
10l 
Output sink current 
VaS 1.5Voc 
6.0 
16 
mA 


TA= 25°e 


10H 
Output leakage current 
VIN(+)~ 1Voc, VIN1_)= 0 
Va = 5Voc, TA= 25°e 
0.1 
nA 


Va = 30Voc, over temp. 
1.0 
llA 


Rl = ~ on both 


comparators. 


Icc 
Supply current 
TA= 25°e 
0.8 
1 
mA 


V+ = 30V. over temp. 
1 
2.5 


Av 
Voltage gain 
Rl~ 
15kQ, V+ = 15Voc. 
25 
100 
V/mV 
TA= 25°e 


VIN(_)~ Woe, VIN(+)= O. 


IS1NKS4mA 


Val 
Saturation voltage 
TA= 25°e 
400 
400 
mV 


Over temp. 
700 


V1N= TTL logic swing, 


tlSR 


Large-signal 
VREF= 1.4Voc 
300 
ns 
response time 
VRl = 5Voe. Rl = 5.1kQ, 
TA= 25°e 


tR 
Response timeS 
VRl = 5Voc, Rl = 5.1 kQ 
1.3 
I.ls 
TA= 25°e 


NOTES: 
1. 
Positive excursions 
of input voltage may exceed the power supply level by 17V. As long as the other voltage remains within the 
common-mode 
range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3Voc (Voc 


below the magnitude 
of the negative power supply, if used). 
2. 
At output switch point. Va = 1.4Voc, Rs = OQ with V+ from 5Voc to 30Voc and over the full input common-mode 
range (OVoc to V+-1.5Voc). 
3. 
The input common-mode 
voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode 
voltage range is V+-1.5V, but either or both inputs can go to 30Voc without damage. 


4. 
The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially 
constant. independent 
of the state of 
the output so no loading change exists on the reference or input lines. 
5. 
The response time specified is for a 100mV input step with a 5mV overdrive. 
6. 
For input signals that exceed Vcc. only the overdriven comparator 
is affected. With a 5V supply, VIN should be limited to 25V maximum, and 
a limiting resistor should be used on all inputs that might exceed the positive supply. 
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PIN CONFIGURATION 


D, F, N Packages 


INPUT 
1A 
V- 


INPUT 
2A 


INPUT 
28 


STROBE 
1G 
NC 


STROBES 


TOP 
VIEW 


• 12ns maximum guaranteed 
propagation 


delay 


• 20flA maximum input bias current 


• TIL compatible 
strobes and outputs 


• Large common-mode 
input voltage range 


• Operates from standard supply voltages 


• Military qualifications 
pending 


• MaS memory sense amp 


• A-to-D conversion 


• High-speed line receiver 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE521 N 


14-Pin SO Package 
o to +70°C 
NE521D 


14-Pin Cerdip 
o to +70°C 
NE521F 


14-Pin Cerdip 
-55°C to +125°C 
SE521F 


VID 
STROBE S 
STROBEG 
OUTPUT(Y) 
A+, B- 


VIO";-VOS 
H 
H 
L 


-Vos<VIQ<Vos 
H 
H 
Undefined 


VIO?VOS 
H 
H 
H 


X 
L 
X 
H 


X 
X 
L 
H 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Supply voltage 


V+ 
Positive 
+7 
V 


V- 
Negative 
-7 
V 


VIOR 
Differential input voltage 
±6 
V 


VIN 
Input voltage 


Common mode 
±5 
V 


Strobe/gate 
+5.25 
V 


Po 
Maximum power dissipation 1 


TA= 25°C (still-air) 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1040 
mW 


TA 
Operating 
temperature 
range 


NE521 
o to 70 
°C 


SE521 
-55 to +125 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


TsoLo 
Lead soldering temperature 
(10 sec. max) 
+300 
°C 
NOTES: 
1. 
Derate above 25°C at the following rates: 
F package at 9.5mW/oC 
N package at 11.4mWI"C 
D package at 8.3mW/oC 


(1) 
INPUT lA 


(2) 
INPUT lB 


(9)o OUTPUT3Y 


cg) STROBE 
2G 


DC ELECTRICAL CHARACTERISTICS (SE521) 
V+;+5V, 
V-;-5V, 
TA;-55°C 
to +125°C, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


Vas 
Input offset voltage 
V+;+4.5V, 
V-;-4.5V 


At 25°C 
G 
7.5 
mV 


Over temperature 
range 
15 


IBIAS 
Input bias current 
V+;+5.5V, 
V-;-5.5V 


At 25°C 
7.5 
20 
f1A 


Over temperature 
range 
40 


los 
Input offset current 
V+;+5.5V, 
V-;-5.5V 


At 25°C 
1.0 
5 
f1A 


Over temperature 
range 
12 


VeM 
Common-mode 
voltage range 
V+;+4.5V, 
V-;-4.5V 
-3 
+3 
V 


VIL 
Low level input voltage 


At 25°C 
0.8 
V 


Over temperature 
0.7 


VIH 
High level input voltage 
2.0 
V 


Input current 
V+;+5.5V, 
V-;-5.5V 


IIH 
High 
VIH;2.7V 


1G or 2G strobe 
50 
f1A 


Common strobe S 
100 
f1A 


Input Current 


IlL 
Low 
VIL;Q·5V 


1G or 2G strobe 
-2.0 
mA 


Common strobe S 
-4.0 
mA 


Output voltage 
VI(S);2.0V 


VOH 
High 
V+;+4.5V, 
V-;-4.5V, 
lLOAD;-1mA 
2.5 
3.4 


V 


VOL 
Low 
V+;+4.5V, 
V-;-4.5V, 
ILoAo;10mA 
0.5 


TA;25°C, 
ILOAo;20mA 
0.5 


Supply voltage 


V+ 
Positive 
4.5 
5.0 
5.5 
V 


V- 
Negative 
-4.5 
-5.0 
-5.5 


Supply current 
V+;5.5V, 
V-;-5.5V, 
TA;25°C 


Ice. 
Positive 
27 
35 
mA 


Ice. 
Negative 
-15 
-28 


Ise 
Short-circuit 
output current 
-35 
-115 
mA 


DC ELECTRICAL CHARACTERISTICS(NE521) 
V+=+5V, V-=-5V, TA=O to 70°C, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Vos 
Input offset voltage 
V+=+4.75V, V-=-4.75V 


At 25°C 
6 
7.5 
mV 


Over temperature 
range 
10 


IBIAS 
Input bias current 
V+=+5.25V, V-=-5.25V 


At 25°C 
7.5 
20 
vA 


Over temperature 
range 
40 


los 
Input offset current 
V+=+5.25V, V-=-5.25V 


At 25°C 
1.0 
5 
vA 


Over temperature 
range 
12 


VCM 
Common-mode 
voltage range 
V+=+4.75V, V-=-4.75V 
-3 
+3 
V 


Input current 
V+=+5.25V, V-=-5.25V 


IIH 
High 
Vlw2.7V 


1G or 2G strobe 
50 
vA 


Common strobe S 
100 
vA 


Input Current 


IlL 
Low 
VIL=0.5V 


lG or 2G strobe 
-2.0 
mA 


Common strobe S 
-4.0 
mA 


Output voltage 
VI(S)=2.0V 


VOH 
High 
V+=+4.75V, V-=-4.75V, ILOAD=-lmA 
2.7 
3.4 
V 


VOL 
Low 
V+=+5.25V, V-=-5.25V, ILOAD=20mA 
0.5 


Supply voltage 


V+ 
Positive 
4.75 
5.0 
5.25 
V 


V- 
Negative 
-4.75 
-5.0 
-5.25 


Supply current 
V+=5.25V, V-=-5.25V, TA=25°C 


Icc+ 
Positive 
27 
35 
mA 


Icc· 
Negative 
-15 
-28 


Isc 
Short-circuit 
output current 
-40 
-100 
mA 


AC ELECTRICAL CHARACTERISTICS 
TA=25°C, RL=280W CL=15pF V+=5V V-=5V. 


SYMBOL 
PARAMETER 
FROM INPUT 
TO OUTPUT 
LIMITS 
UNIT 


Min 
I 
Typ 
I Max 


Large-signal 
switching 
speed 


Propagation 
delay 


tpLH(D) 
Low to high' 
Amp 
Output 
8 
12 


lpHL(D) 
High to low' 
Amp 
Output 
6 
9 
ns 


tpLH(S) 
Low to high2 
Strobe 
Output 
4.5 
10 


tPHL(S) 
High to low2 
Strobe 
Output 
3.0 
6 


fMAX 
Max. operating frequency 
40 
55 
MHz 


NOTES: 
1. 
Response time measured from OV point of ±1 OOmVp.p 1OMHz square wave to the 1.5V point of the output. 


2. 
Response time measured from 1.5V point of input to 1.5V point of the output. 
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AMBIENT 
TEMPERATURE 
('C) 


• 15ns maximum guaranteed 
propagation 
delay 


• 20j.iA maximum input bias current 


• TIL-compatible 
strobes and outputs 


• Large common-mode 
input voltage range 


• Operates from standard supply voltages 


• MOS memory sense amp 


• A-to-D conversion 


• High-speed 
line receiver 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE522N 


14-Pin Plastic SO 
o to +70°C 
NE522D 


SYMBOL 
PARAMETER 
RATING 
UNITS 


V+ 
Single supply voltage 
Positive 
+7 
V 


V- 
Negative 
-7 
V 


V1DR 
Differential input voltage 
+6 
V 


VIN 
Input voltage 
Common-mode 
±5 
V 
Strobe/gate 
+5.25 
V 


PD 
Power dissipation 
600 
mW 


TA 
Operating temperature 
range 
NE522 
o to 70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSDLD 
Lead soldering temperature 
(1Osec max) 
+300 
°C 


DC ELECTRICAL CHARACTERISTICS 
(NE522) +5V ±5%, TA = 0 to +70°C, unless otherwise stated. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


VOS 
Input offset voltage 
V+ = +4.75V, V- = -4.75V 


At 25°C 
6 
7.5 
mV 


Over temperature 
range 
10 


IBIAS 
Input bias current 
V+ = +5.25V, V- = -5.25V 


At 25°C 
7.5 
20 
IJA 


Over temperature 
range 
40 


los 
Input offset current 
V+ = +5.25V, V- = -5.25V 


Al 25°C 
1.0 
5 
IJA 


Over temperature 
range 
12 


VCM 
Common-mode 
voltage range 
V+ = +4.75V, V- = -4.75V 
-3 
+3 
V 


VIL 
Low level input 


At 25°C 
0.8 
V 


Over temperature 
range 
0.7 


VIH 
High level temperature 
2.0 
V 


IIH 
Input current 
V+ = +5.25V, V- = -5.25V 


High 
VIH = 2.7V 
50 
IJA 
1G or 2G strobe 
100 
f1A 
Common strobe S 


IlL 
Low input current 
VIL = 0.5V 
1G or 2G strobe 
-2.0 
mA 
Common strobe S 
-4.0 
mA 


VOL 
Output voltage Low 
V+ = +5.25V, V- = -5.25V, VI(S) = 2.0V, ILOAD= 20mA 
0.5 
V 


10H 
Output current High 
Vcc. 
= +4.75V, VCC_= -4.75V, 
VOH= 5.25V 
250 
f1A 


Supply voltage 


V+ 
Positive 
4.75 
5.0 
5.25 
V 


V- 
Negative 
-4.75 
-5.0 
-5.25 


Supply current 
V+ = +5.25V, V- = -5.25V, TA = 25°C 


Icc• 
Postiive 
27 
35 
mA 


Ice- 
Negative 
-15 
-28 


AC ELECTRICAL CHARACTERISTICS 
TA = 25°C, RL = 280Q, CL = 15pF, unless otherwise 
stated. 


LIMITS 


SYMBOL 
PARAMETER 
FROM INPUT 
TO OUTPUT 
MIN 
TYP 
MAX 
UNITS 


IR 
Input resistance 
4 
kQ 


Ie 
Input capacitance 
3 
pF 


Large-signal 
switching 
speed 


Propagation delay 


lpLH(O) 
Low to high 1 
Amp 
Output 
10 
15 


tpHL(O) 
High to low1 
Amp 
Output 
8 
12 
ns 


tpLH(S) 
Low to high2 
Strobe 
Output 
6 
13 


tpHL(S) 
High to low2 
Strobe 
Output 
5 
9 


IMAX 
Maximum operating frequency 
25 
35 
MHz 


NOTES: 
1. 
Response time measured from OV point of + 100mVp.p 1OMHz square wave to the 1.5V point of the output. 


2. 
Response time measured from 1.5V point of the input to 1.5V point of the output. 
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DESCRIPTION 
The NE527 is a high-speed 
analog voltage 
comparator which, for the first time, mates 
state-of-the-art 
Schottky diode technology 
with the conventional 
linear process. This 
allows simultaneous 
fabrication 
of high speed 


TIl 
gates with a precision linear amplifier on 


a single monolithic chip. The NE527 is similar 
in design to the Signetics 
NE529 voltage 
comparator 
except that it incorporates 
an 


"Emitter-Follower" 
input stage for extremely 
low input currents. This opens the door to a 
whole new range of applications 
for analog 
voltage comparators. 


FEATURES 


• 15ns propagation delay 


• Complementary 
output gates 


• TTl or ECl compatible 
outputs 


• Wide common-mode 
and differential 
voltage range 


• Typical gain of 5000 


• ECl-to-TTlinterface 


• TTl-to-ECl 
interface 


• Memory sensing 


• Optical data coupling 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE527N 


14-Pin SO 
o to +70°C 
NE527D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


V1+ 
Positive supply voltage 
+15 
V 


V1- 
Negative supply voltage 
-15 
V 


V2+ 
Gate supply voltage 
+7 
V 


Your 
Output voltage 
+7 
V 


VIN 
Differential input voltage 
±5 
V 


VCM 
Input common mode voltage 
±6 
V 


PD 
Max power dissipation 1 


25°C ambient (still air) 


N package 
1420 
mW 


D package 
1040 
mW 


TA 
Operating 
temperature 
range 


NE527 
Oto +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
+300 
°C 


NOTES: 
1. 
Derate above 25°C. at the following rates: 
F package 9.5mW/oC 
N package 11.4mWfOC 
D package 8.3mW/oC 


DC ELECTRICAL CHARACTERISTICS 
V1+=10V, V1-=-10V, V2+=+5.0V, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE527 
I 
UNIT 


Min 
Typ 
Max 
I 


Input characteristics 


Vos 
Input offset voltage @ 25'C 
6 
mV 


over temperature 
range 
10 
mV 


IBIAS 
Input bias current @ 25'C 
2 
J.1A 


over temperature 
range 
4 
J.1A 


los 
Input offset current @ 25'C 
0.75 
J.1A 


over 
temperature 
range 
V,N=OV 
1 
J.1A 


common-mode 
voltage range 
±5 
V 
Gate characteristics 


VOUT 
Output Voltage 


"1"State 
V2+=4.75V,lsouRcE=-1mA 
2.7 
3.3 
V 


"O"State 
V2+=4.75V,lsINK=10mA 
0.5 
V 


Strobe inputs 


"0" Input current' 
V2+=5.25V, VSTROBE=0.5V 
-2 
mA 


"1" Input current @ 25'C' 
V2+=5.25V, VSTROBE=2.7V 
100 
J.1A 


Over temperature 
range 
V2+=5.25V, VSTROBE=2.7V 
200 
J.1A 


"0" Input voltage 
V2+=4.75V 
0.8 
V 


"1" Input voltage 
V2+=4.75V 
2.0 
V 


Isc 
Short-circuit 
output current 
V2+=5.25V, VOUT=OV 
-18 
-70 
mA 
Power supply requirements 


Supply voltage 


V,+ 
5 
10 
V 


V,- 
-6 
-10 
V 


V2+ 
4.75 
5 
5.25 
V 


Supply current 
V,+=10V, V,-=-10V 


V2+=5.25V 


1,+ 
Over temp. 
5 
mA 
1,- 
Over temp. 
10 
mA 
12+ 
Over temp. 
20 
mA 


NOTES: 
1. See Logic Function Table. 


AC ELECTRICAL CHARACTERISTICS 


TA=25'C, unless otherwise 
specified. (See AC test circuit) 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


Transient response propagation delay time 


tPLH 
Low-to-High 
V,N=±100mV step 
16 
26 
ns 


tpHL 
High-to-Low 
14 
24 
ns 
Delay between output A and B 
2 
5 
ns 


Strobe delay time 


tON 
Turn-on time 
6 
ns 


tOFF 
Turn-off time 
6 
ns 
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APPLICATIONS 
One of the main features of the device is that 
supply voltages (V,+, V,-) need not be 
balanced, as in the following diagrams. 
For 
proper operation, 
however, negative supply 


(V ,-) should always be atieast6V 
more than 
the ground terminal (Pin 6). Input 
common-mode 
range should be limited to 


values of 2V less than the supply voltages 
(V1+ and V,-j up to a maximum of±5V 
as 


supply voltages are increased. 
It is also 
important to note that Output A is in phase 
with Input A and Output B is in phase with 
Input B. 


V10 
STROBE A 
STROBE 
B 
OUTPUT A 
OUTPUT 
B 
COMMENT 
(A+, B-) 


VIO"'-VOS 
H 
X 
l 
H 
Read IIHA,IILB 


-Vos<V1o<Vos 
H 
H 
Undefined 
Undefined 


VIO"VOS 
X 
H 
H 
l 
Read liLA, IIHB 


X 
l 
l 
H 
H 


"'- 
R2 


'4 
Q 
, 
'4 
Q 


11 
0 
3 
11 
1 
S29N 
527N 
TTLOUTPUTS 


R2 
I 


INPUT 
tl 


R, 
Rl 
R, 
Rl 


..,,- 
..,,- 
-10V 


Photodlode 
Detector 
ECL-to- 
TTl 
Interface 


+5V 


VREF 


...L 


2K 
2K 


Q 
TTLINPUT 
, 
'4 
3 
11 


521i1N 
S29N 


~ 


100n 
100n 
R, 
R, 


- - 
..,,- 
- - 
-5.2V 


MOS Memory 
Sense AMP 
TIl-to-ECl 
Interface 


DESCRIPTION 
The NE529 is a high-speed 
analog voltage 
comparator which, for the first time, mates 
state-of-the-art 
Schottky diode technology 
with the conventional 
linear process. This 
allows simultaneous 
fabrication of high-speed 
TIl 
gates with a precision linear amplifier on 


a single monolithic chip. 


FEATURES 


• 1Ons propagation delay 


• Complementary 
output gates 


• TTl 
or ECl compatible 
outputs 


• Wide common-mode 
and differential volt- 
age range 


• Typical gain 5000 


• ECl-to-TTl 
interface 


• TTl-to-ECl 
interface 


• Memory sensing 


• Optical data coupling 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic DIP 
o to +70°C 
NE529N 


14-Pin SO 
o to +70°C 
NE529D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


V,+ 
Positive supply voltage 
+15 
V 


V,- 
Negative supply voltage 
-15 
V 


V2+ 
Gate supply voltage 
+7 
V 


VOUT 
Output voltage 
+7 
V 


V1N 
Differential input voltage 
±5 
V 


VCM 
Input common mode voltage 
±6 
V 


PD 
Maximum power dissipation' 
TA=25°C 


(still-air) 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1040 
mW 


TA 
Operating 
temperature 
range 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 


(10 sec max) 
+300 
°C 


NOTES: 
1. 
Derate above 25°C at the following rates: 
N package at 11.5mWI"C 
D package at8.3mW/oC 


DC ELECTRICAL CHARACTERISTICS 
V,+=+10V, 
V2+=+5.0V, V,-=-10V, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE529 
UNIT 


Min 
Typ 
Max 


Input 
characteristics 


Vos 
Input offset voltage @ 25°C 
6 
mV 


Over temperature 
range 
10 
mV 


IBIAS 
Input bias current @ 25°C 
5 
20 
JlA 


Over temperature 
range 
VIN=OV 
50 
JlA 


los 
Input offset current @ 25°C 
2 
5 
JlA 


Over temperature 
range 
VIN=OV 
15 
JlA 


Common-mode 
voltage range 
0 
±5 
V 


Gate 
characteristics 


VOUT 
Output voltage 


"1" state 
V2+=4.75V, ISOURCE=-1mA 
2.7 
3.3 
V 


"0" state 
V2+=4.75V,lsINK=10mA 
0.5 
V 


Strobe inputs 


"0" Input current' 
V2+=5.25V, VSTROBE=0.5V 
-2 
mA 


"1" Input current@25°C' 
V2+=5.25V, VSTROBE=2.7V 
100 
JlA 


Over temperature 
range 
V2+=5.25V, VSTROBE=2.7V 
200 
JlA 


"0" input voltage 
V2+=4.75V 
0.8 
V 


"1" input voltage 
V2+=4.75V 
2.0 
V 


Isc 
Short-circuit 
output current 
V2+=5.25V, Vour=OV 
-18 
-70 
mA 


Power 
supply 
requirements 


Supply voltage 


V,+ 
5 
10 
V 


V,- 
-6 
-10 
V 


V2+ 
4.75 
5 
5.25 
V 


Supply current 
V,+=10V, V,-=-10V 


V2+=5.25V 


1,+ 
Over temp. 
5 
mA 


1,- 
Over temp. 
10 
mA 


12+ 
Over temp. 
20 
mA 


NOTES: 
1. See logic function table. 


AC ELECTRICAL CHARACTERISTICS 
TA=25°C (See AC test circuit). 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


tR 
Transient response 
VIN=±100mV step 


Propagation 
delay time 


tpLH 
Low-to-high 
12 
22 
ns 


tpHL 
High-to-Iow 
10 
20 
ns 


Delay between output A and B 
2 
5 
ns 


Strobe delay time 


ioN 
turn-on time 
6 
ns 


'oFF 
turn-off time 
6 
ns 
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APPLICATIONS 
One of the main features of the device is that 
supply voltages (V+, V-) need not be 
balanced, as in the following diagrams. 
For 


proper operation, 
however, negative supply 
(V-) should always be atieast6V 
more than 


the ground terminal (pin 6). Input 
Common-Mode 
range should be limited to 


values of 2V less than the supply voltages 
(V+ and V-) up to a maximum of ±6V as 
supply voltages are increased. 


It is also important to note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 
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DESCRIPTION 
The ICM7555 is a CMOS timer providing 
significantly 
improved performance 
over the 
standard NE/SE555 timer, while at the same 
time being a direct replacement 
for those 
devices in most applications. 
Improved 
parameters 
include low supply current, wide 
operating supply voltage range, low 
THRESHOLD, 
~, 
and RESET 


currents, no crowbarring 
of the supply current 
during output transitions, 
higher frequency 
performance 
and no requirement 
to decouple 
CONTROL VOLTAGE for stable operation. 


The ICM7555 is a stable controller capable of 
producing accurate time delays or 
frequencies. 


In the one-shot mode, the pulse width of each 
circuit is precisely controlled 
by one external 
resistor and capacitor. 
For astable operation 


as an oscillator, the free-running 
frequency 
and the duty cycle are both accurately 
controlled by two external resistors and one 
capacitor. 
Unlike the bipolar 555 device, the 
CONTROL 
VOLTAGE terminal need not be 
decoupled with a capacitor. 
The ~ 


and RESET inputs are active low. The output 
inverter can source or sink currents large 
enough to drive TIL 
loads or provide minimal 


offsets to drive CMOS loads. 


• Exact equivalent in most applications 
for 


NE/SE555 


• Low supply current: 
80fIA (typ) 


• Extremely low trigger, threshold, and reset 
currents: 
20pA (typ) 


• High-speed operation: 
500kHz guaranteed 


• Wide operating supply voltage range 
guaranteed 
3 to 16V over full automotive 


temperatures 


• Normal reset function; no crowbarring 
of 


supply during output transition 


• Can be used with higher-impedance 
timing 


elements than the bipolar 555 for longer 
time constants 


• Timing from microseconds 
through hours 


• Operates in both astable and monostable 
modes 


• Adjustable duty cycle 


• High output source/sink driver can drive 
TIUCMOS 


• Typical temperature 
stability of 0.005%I"C 
at 25"C 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
ICM7555CN 


8-Pin Plastic SO 
o to +70°C 
ICM7555CD 


8-Pin Plastic DIP 
-40 to +85°C 
ICM75551N 


8-Pin Plastic SO 
-40 to +85°C 
ICM75551D 


D and N Packages 


'::::~ 0: 
: :::::::L: 


RESET 
4 
5 
CONTROL 


VOLTAGE 


• Pulse generation 


• Sequential timing 


• Time delay generation 


• Pulse width modulation 


• Pulse position modulation 


• Missing pulse detector 


OUTPUT 
ORIVERS 


3 
OUTPUT 


THRESHOLD 
TRlGGER 
RESET' 
OUTPUT 
DISCHARGE 


VOLTAGE 
VOLTAGE 
SWITCH 


DON'T CARE 
DON'T CARE 
LOW 
LOW 
ON 


>213(V+) 
> 1/3(V+) 
HIGH 
LOW 
ON 


VTH < 2/3 
VTR> 1/3 
HIGH 
STABLE 
STABLE 


DON'T CARE 
<1/3(V+) 
HIGH 
HIGH 
OFF 


NOTES: 
1. RESET will dominate all other inputs: 
TRl'G'GE'R will dominate over THRESHOLD. 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vaa 
Supply voltage 
+18 
V 


VTR1Gl 
Tngger innput voltage 


Vcv 
Control voltage 
> -0.3 to 


VTH 
Threshold input voltage 
<Voa + 0.3 
V 


VRST 
RESET input voltage 


lOUT 
Output current 
100 
mA 


PaMAx 
Maximum power dissipation, 
TA = 25°C (still air)2 


N package 
1160 
mW 


D package 
780 
mW 


TSTG 
Storage temperature 
range 
-65 to +150 
°c 


TSOLD 
Lead temperature 
(Soldering 60s) 
300 
°c 


NOTES: 
1. 
Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting 
any terminal to a voltage greater than 
Vaa + 0.3V or less than GND -0.3V may cause destructive 
latch-up. 
For this reason it is recommended 
that no inputs from external sources 
not operating from the same power supply be applied to the device before its power supply is established. 
In multiple systems, the supply of 
the ICM7555 must be turned on first. 


2. 
Derate above 25°C, at the following rates: 


N package at 9.3mW/oC 
D package at 6.2mW/oC 


3. 
See "Power Dissipation 
Considerations" 
section. 


DC AND AC ELECTRICAL 
CHARACTERISTICS 
TA = 25"C unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
ICM7555 
UNITS 


MIN 
TYP 
MAX 


Voo 
Supply voltage 
TM1NsTA.s.TMAX 
3 
16 
V 


100 
Supply current1 
Voo = VMIN 
50 
200 
J..lA 


Voo = VMAX 
180 
300 
J..lA 


Astable mode timing2 
RA' RB = 1k to 100k, C = 0.1/lF 
5V <Voo <15V 


Initial accuracy 
1.0 
5.0 
% 


Drift with supply volta~e 
0.1 
3.0 
%N 


Drift with temperature 
Voo =5V 
Voo = 10V 
50 
ppml"C 


Voo = 15V 
75 
ppml"C 


100 
ppml"C 


VTH 
Threshold voltage 
Voo =5V 
0.63 
0.65 
0.67 
xVoo 


VTAIG 
Trigger voltage 
Voo = 5V 
0.29 
0.31 
0.34 
xVoo 


Voo = VTAIG= Vw,x 
50 
pA 
ITA1G 
Trigger currrent 
Voo = VTA1G= 5V 
10 
pA 


Voo = VTAIG= VM1N 
1 
pA 


Voo = VTH = VMAX 
50 
pA 
ITH 
Threshold current 
Voo = VTH = 5V 
10 
pA 


Voo = VTH = VM1N 
1 
pA 


Voo = VAST= VMAX 
100 
pA 


lAST 
Reset current 
Voo = VAST= 
5V 
20 
pA 


Voo = VAST= VM1N 
2 
pA 


VAST 
Reset voltage 
Voo = VM1Nand VMAX 
0.4 
0.7 
1.0 
V 


Vcv 
Control voltage 
Voo = 5V 
0.62 
0.65 
0.67 
xVoo 


VOL 
Output voltage (low) 
Voo = VMAX,ISINK= 3.2mA 
0.1 
0.4 
V 


Voo = 5V, 
ISINK= 3.2mA 
0.2 
0.4 
V 


VOH 
Output voltage (high) 
Voo = VMAX, ISOUACE= -1.0mA 
15.25 
15.7 
Voo 


Voo = 5V, 
ISOUACE= -1.0mA 
4.0 
4.5 
Voo 


Vo1s 
Discharge output voltage 
Voo = 5V, 10ls= 10.0mA 
0.2 
0.4 
V 


tA 
Rise time of output! 
RL = 10MQ, CL = 10pF, Voo = 5V 
45 
75 
ns 


tF 
Fall time of output! 
RL = 10MQ, CL = 10pF, Voo = 5V 
20 
75 
ns 


FMAX 
Maximum oscillator frequency 
500 
kHz 
(astable mode) 


NOTES: 
1. The supply current value is essentially independent 
of the TRIGGER, THRESHOLD, 
and RESET voltages. 


2. 
Astable timing is calculated 
using the following equation: 
f = 
1.38 
. The components 
are defined in Figure 2. 
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LOWEST VOLTAGE OF TRIGGER PULSE (%Voo) 


Propagation 
Delay vs Voltage Level of Trigger Pulse 
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Frequency Stability 
as a Function 
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APPLICATION NOTES 
General 
The ICM7555 device is. in most instances. a 
direct replacement 
for the NE/SE555 device. 


However. it is possible to effect economies 
in 


the external component 
count using the 
ICM7555. 
Because the bipolar 555 device 
produces large crowbar currents in the output 
driver, it is necessary 
to decouple the power 


supply lines with a good capacitor close to 
the device. 
The 7555 device produces no 
such transients. 
See Figure 1. 


The ICM7555 produces supply current spikes 
of only 2-3mA instead of 300-400mA 
and 
supply decoupling 
is normally not necessary. 
Secondly, in most instances. the CONTROL 
VOLTAGE decoupling 
capacitors 
are not 
required since the input impedance 
of the 
CMOS comparators 
on chip are very high. 
Thus. for many applications, 
2 capacitors 
can 


be saved using an ICM7555. 
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NEiSE555 r--- 
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TIME (ns) 


Figure 
1. Supply 
Current 
Transient 
Compared 
With a Standard 
Bipolar 
555 
During 
an Output 
Transition 


Power Supply Considerations 
Although the supply current consumed 
by the 


ICM7555 device 
is very low, the total system 


supply can be high unless the timing 
components 
are high impedance. 
Therefore, 


high values for R and low values for C in 
Figures 2 and 3 are recommended. 


Output Drive Capability 
The output driver consists of a CMOS 
inverter capable of driVing most logic families 
inclUding CMOS and nL. 
As such, if driving 


CMOS, the output swing at all supply 
voltages will equal the supply voltage. 
At a 


supply voltage of 4.5V or more, the ICM7555 
will drive at least 2 standard nL 
loads. 


Astable Operation 
If the circuit is connected 
as shown in Figure 


2, it will trigger itself and free run as a 
multivibrator. 
The external capacitor charges 


through RA and RB and discharges 
through 
RB only. Thus, the duty cycle (D) may be 
precisely set by the ratio of these two 
resistors. 
In this mode of operation, the 


capacitor charges and discharges 
between 


1/3 Voo and 2/3 Voo. 
Since the charge rate 
and the threshold levels are directly 
proportional 
to the supply voltage, the 
frequency of oscillation 
is independent 
of the 
supply voltage. 


F ~ 
1.38 
(RA + 2RB) 
C 


Monostable 
Operation 
In this mode of operation, the timer functions 
as a one-shot. 
Initially, the external capacitor 


(C) is held discharged 
by a transistor inside 
the timer. 
Upon application 
of a negative 


pulse to Pin 2,TRIGGER, 
the internal flip-flop 
is set which releases the low impedance 
on 
DISCHARGE; 
the external capacitor charges 
and drives the OUTPUT 
High. The voltage 
across the capacitor increases exponentially 
with a time constant t ~ RAC. When the 
voltage across the capacitor equals 2/3 V-, 
the comparator 
resets the flip-flop, which in 


turn discharges 
the capacitor rapidly and also 


drives the OUTPUT to its low state. 
TRIGGER 
must return to a high state before 


the OUTPUT can return to a low state. 


Control 
Voltage 
The CONTROL 
VOLTAGE terminal permits 
the two trip voltages for the THRESHOLD 
and TRIGGER 
internal comparators 
to be 
controlled. 
This provides the possibility of 


oscillation frequency 
modulation in the 
astable mode, or even inhibition of oscillation, 
depending on the applied voltage. 
In the 
monostable 
mode, delay times can be 
changed by varying the applied voltage to the 
CONTROL VOLTAGE pin. 


"RESET 
The ffESET 
terminal is designed to have 
essentially the same trip voltage as the 
standard bipolar 555, i.e., 0.6 to 0.7V. At all 
supply voltages it represents an extremely 
high input impedance. 
The mode of 


operation of the ffESET 
function is, however, 
much improved over the standard bipolar 555 
in that it controls only the internal flip-flop, 
which in turn controls simultaneously 
the 
state of the OUTPUT and DISCHARGE 
pins. 


This avoids the multiple threshold problems 
sometimes encountered 
with slow falling 
edges in the bipolar devices. 
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DESCRIPTION 
The 555 monolithic timing circuit is a highly 
stable controller capable of producing 
accurate time delays, or oscillation. 
In the 


time delay mode of operation, the time is 
precisely controlled 
by one external resistor 


and capacitor. 
For a stable operation as an 


oscillator, the free running frequency and the 
duty cycle are both accurately 
controlled with 


two external resistors and one capacitor. The 
circuit may be triggered and reset on falling 
waveforms, 
and the output structure can 


source or sink up to 200mA. 


CONTROL 
VOLTAGE 


5 


DiS- 
CHARGE 
7 


• Turn-off time less than 2Jls 


• Max. operating frequency greater than 


500kHz 
GND08 
Vcc 


TRIGGER 2 
7 
DISCHARGE 


OUTPUT 3 
6 
THRESHOLD 


RESET 4 
5 ~gt'1fc?~ 


• Timing from microseconds 
to hours 


• Operates in both astable and monostable 


modes 


• High output current 


• Adjustable duty cycle 


• TTL compatible 


• Temperature stability of 0.005% per °C 


F Package 


GND 
1 
14 
VCC 


NC 


DISCHARGE 


NC 


THRESHOLD 


NC 


CONTROL 
VOLTAGE 


TOP VIEW 


• 
Precision 
timing 


• Pulse generation 


• Sequential timing 


• Time delay generation 


• Pulse width modulation 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70°C 
NE555D 


8-Pin Plastic DIP 
Oto+70°C 
NE555N 


8-Pin Plastic DIP 
-40°C to +85°C 
SA555N 


8-Pin Plastic SO 
-40°C to +85°C 
SA555D 


8-Pin Hermetic Cerdip 
-55°C to + 125°C 
SE555CFE 


8-Pin Plastic DIP 
-55°C to + 125°C 
SE555CN 


14-Pin Plastic DIP 
-55°C to +125°C 
SE555N 


8-Pin Hermetic Cerdip 
-55°C to +125°C 
SE555FE 


14-Pin Ceramic DIP 
o to +70°C 
NE555F 


14-Pin Ceramic DIP 
-55°C to +125°C 
SE555F 


14-Pin Ceramic DIP 
-55°C to + 125°C 
SE555CF 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Supply voltage 


Vcc 
SE555 
+18 
V 


NE555,SE555C,SA555 
+16 
V 


Po 
Maximum allowable power dissipation 1 
600 
mW 


TA 
Operating ambient temperature 
range 


NE555 
o to +70 
°C 


SA555 
-40 to +85 
°C 


SE555, SE555C 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
+300 
°C 


NOTES: 
1. The junction temperature 
must be kept below 125°C for the D package and below 150°C for the FE, Nand 
F packages. At ambient tempera- 
tures above 25°C, where this limit would be derated by the following factors: 
D package 160°CIW 
FE package 
150°CIW 
N package 100°CIW 
F package 
105°CIW 


DC AND AC ELECTRICAL CHARACTERISTICS 
TA = 25°C, Vcc = +5V to +15 unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE555 
NE555/SE555C 
UNIT 


Mln 
Typ 
Max 
Min 
Typ 
Max 


Vcc 
Supply voltage 
4.5 
18 
4.5 
16 
V 


Icc 
Supply current (low 
Vcc=5V, RL=00 
3 
5 
3 
6 
mA 


state)1 
Vcc=15V, RL=oo 
10 
12 
10 
15 
mA 


Timing error (monostable) 
RA=2kQ to 100kQ 


tM 
Initial accuracy2 
C=O.lf'F 
0.5 
2.0 
1.0 
3.0 
% 


~tM/~T 
Drift with temperature 
30 
100 
50 
150 
ppm/oC 


~tM/~VS 
Drift with supply voltage 
0.05 
0.2 
0.1 
0.5 
%N 


Timing error (astable) 
RA, Rs=1knto 
100kn 


tA 
Initial accuracy2 
C=0.1f'F 
4 
6 
5 
13 
% 


~tA/~T 
Drift with temperature 
Vcc=15V 
500 
500 
ppmfOC 


~tA/~VS 
Drift with supply voltage 
0.15 
0.6 
0.3 
1 
%N 


Vc 
Control voltage level 
Vcc=15V 
9.6 
10.0 
10.4 
9.0 
10.0 
11.0 
V 


Vcc=5V 
2.9 
3.33 
3.8 
2.6 
3.33 
4.0 
V 


Vcc=15V 
9.4 
10.0 
10.6 
8.8 
10.0 
11.2 
V 


VTH 
Threshold voltage 


Vcc=5V 
2.7 
3.33 
4.0 
2.4 
3.33 
4.2 
V 


ITH 
Threshold current3 
0.1 
0.25 
0.1 
0.25 
f'A 


VTRIG 
Trigger voltage 
Vcc=15V 
4.8 
5.0 
5.2 
4.5 
5.0 
5.6 
V 


Vcc=5V 
1.45 
1.67 
1.9 
1.1 
1.67 
2.2 
V 


ITRIG 
Trigger current 
VTRIG=OV 
0.5 
0.9 
0.5 
2.0 
f'A 


VRESET 
Reset voltage4 
Vcc=15V, VTH=10.5V 
0.3 
1.0 
0.3 
1.0 
V 


IREsET 
Reset current 
VRESET=0.4V 
0.1 
0.4 
0.1 
0.4 
mA 


Reset current 
VRESET=OV 
0.4 
1.0 
0.4 
1.5 
mA 


Vcc=15V 


ISINt<=1OmA 
0.1 
0.15 
0.1 
0.25 
V 


ISINK=50mA 
0.4 
0.5 
0.4 
0.75 
V 


VOL 
Output voltage (low) 
ISINK=100mA 
2.0 
2.2 
2.0 
2.5 
V 


ISINK=200mA 
2.5 
2.5 
V 


Vcc=5V 


ISINK=8mA 
0.1 
0.25 
0.3 
0.4 
V 


ISINK=5mA 
0.05 
0.2 
0.25 
0.35 
V 


Vcc=15V 


IsouRcE=200mA 
12.5 
12.5 
V 


VOH 
Output voltage (high) 
IsouRcE=100mA 
13.0 
13.3 
12.75 
13.3 
V 


Vcc=5V 


ISOURcE=1OOmA 
3.0 
3.3 
2.75 
3.3 
V 


loFF 
Turn-off timeS 
VRESET-VCC 
0.5 
2.0 
0.5 
2.0 
f's 


tR 
Rise time of output 
100 
200 
100 
300 
ns 


IF 
Fall time of output 
100 
200 
100 
300 
ns 


Discharge leakage current 
20 
100 
20 
100 
nA 
NOTES: 
1. Supply current when output high typically 1mA less. 
2. 
Tested at Vcc=5V 
and Vcc=15V. 
3. 
This will determine the max value of RA+Rs, for 15Voperation, 
the max total R=10Mn, 
and for 5Voperation, 
the max. total R=3.4Mn. 


4. 
Specified with trigger input high. 


5. 
Time measured from a positive going input pulse from 0 to 0.8xVcc 
into the threshold to the drop from high to low of the output. Trigger is 


tied to threshold. 
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Trigger Pulse Width 
Requirements and Time Delays 
Due to the nature of the trigger circuitry, the 
timer will trigger on the negative going edge 
of the input pulse. For the device to time out 
properly. it is necessary 
that the trigger 


voltage level be returned to some voltage 
greater than one third of the supply before the 
time out period. This can be achieved by 
making either the trigger pulse sufficiently 
short or by AC coupling into the trigger. By 
AC coupling the trigger, see Figure 1, a short 
negative going pulse is achieved when the 
trigger signal goes to ground. AC coupling is 
most frequently 
used in conjunction with a 


switch or a signal that goes to ground which 
initiates the timing cycle. Should the trigger 
be held low, without AC coupling, for a longer 


duration than the timing cycle the output will 
remain in a high state for the duration of the 
low trigger signal. without regard to the 
threshold comparator 
state. This is due to the 
predominance 
of 015 on the base of 016. 


controlling the state of the bistable flip-flop. 
When the trigger signal then returns to a high 
level, the output will fall immediately. Thus, 
the output signal will follow the trigger signal 
in this case. 


Another consideration 
is the "turn-off time". 
This is the measurement 
of the amount of 


time required after the threshold reaches 
2/3 
Vcc to turn the output low. To explain further, 
0, at the threshold input turns on after 
reaching 213Vcc• which then turns on 05, 
which turns on 06. Current from 06 turns on 


016 which turns 017 off. This allows current 
from 019 to turn on 020 and 024 to given an 
output low. These steps cause the 2Jls max. 
delay as stated in the data sheet. 


Also, a delay comparable 
to the turn-off time 
is the trigger release time. When the trigger is 
low, 010 is on and turns on 011 which turns 
on 015. 015 turns off 0,6 and allows 017 to 
turn on. This turns off current to 020 and 024• 
which results in output high. When the trigger 
is released, 010 and 011 shut off, 015 turns 
off. 0,6 turns on and the circuit then follows 
the same path and time delay explained as 
"turn off time". This trigger release time is 
very important in designing the trigger pulse 
width so as not to interfere with the output 
signal as explained 
previously. 


DESCRIPTION 
Both the 556 and 556-1 Dual Monolithic 
timing circuits are highly stable controllers 
capable of producing 
accurate time delays or 
oscillation. The 556 and 556-1 are a dual 
555. Timing is provided by an external 
resistor and capacitor for each timing 
function. The two timers operate 
independently 
of each other, sharing only Vcc 
and ground. The circuits may be triggered 
and reset on falling waveforms. 
The output 
structures may sink or source 200mA. 


FEATURES 


• Turn-off time less than 21ls 
(556-1,1C) 


• Maximum operating frequency >500kHz 


(556-1,1C) 


• Timing from microseconds 
to hours 


• Replaces two 555 timers 


• Operates in both astable and monos table 


modes 


• High output current 


• Adjustable 
duty cycle 


• TTL compatible 


• Temperature stability 
of O.005%/oC 


• SE556-1 compliant to MIL-STD or JAN 
available from Signetics' Military Division 


• Precision timing 


• Sequential timing 


• Pulse shaping 


• Pulse generator 


• Missing pulse detector 


THRESHOLD 


CONTROL 
3 


VOLTAGE 
THRESHOLD 


CONTROL 
VOLTAGE 


RESET 


• Tone burst generator 


• Pulse width modulation 


• Time delay generator 


• Frequency division 


• Touch-Tone®encoder 


• Pulse position modulation 


• Appliance 
timing 


• Traffic light control 


CONTROL 
VOLTAGE 


RESET 


DISCHARGE 


GND 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Plastic SO 
o to +70·C 
NE556D 


14-Pin Cerdip 
o to +70°C 
NE556F 


14-Pin Plastic DIP 
o to +70·C 
NE556N 


14-Pin Cerdip 
o to +70°C 
NE556-1 F 


14-Pin Plastic DIP 
o to +70°C 
NE556-1N 


14-Pin Plastic DIP 
-40°C to +85°C 
SA556N 


14-Pin Cerdip 
-55°C to + 125°C 
SE556F 


14-Pin Plastic DIP 
-55°C to +125·C 
SE556N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vee 
Supply voltage 


NE/SA556, 556-1, SE556C, 
+16 
V 
SE556-1C 


SE556-1, SE556 
+18 
V 


Po 
Maximum allowable power dissipation 1 
800 
mW 


TA 
Operating 
temperature 
range 


NE556-1, NE556 
a to +70 
°C 


SA556 
-40 to +85 
°C 


SE556 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TsoLo 
Lead soldering temperature 
(10sec max) 
+300 
°C 


NOTES: 
1. The junction temperature 
must be kept below 125°C for the D package and below 150°C for the Nand 
F packages. At ambient temperatures 


above 25°C, where this limit would be exceeded, the Maximum Allowable Power Dissipation must be derated by the following: 


D package 115°CIW 
N package 80°CIW 
F package 100°CIW 


ELECTRICAL CHARACTERISTICS 
TA=25°C, Vee=+5V to .•.15V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE556/556·1 
NE/SA556/SE556C 
UNIT 
NE556·1/SE556·1C 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Vee 
Supply voltage 
4.5 
18 
4.5 
16 
V 


Vcc=5V, RL=oo 
6 
10 
6 
12 
mA 


Ice 
Supply current (low state)' 


Vee=15V, RL=oo 
20 
24 
20 
30 
mA 


Timing error (monostable) 
RA=2kn to 100kn 


tM 
Initial accuracy2 
C=0.1~F 
0.5 
2.0 
0.75 
3.0 
% 


t.tM/t.T 
Drift with temperature 
T=1.1 RC 
30 
100 
50 
150 
ppm/oC 


t.tM/t"vs 
Drift with supply voltage 
0.05 
0.2 
0.1 
0.5 
a/oN 


Timing error (astable) 
RA, RB=1kQ to 100kQ 


tA 
Initial accuracy2 
C=O.~F 
4 
6 
5 
13 
% 


t.tA/t.T 
Drift with temperature 
Vee=15V 
400 
500 
400 
500 
ppm/oC 


t.tA/t.Vs 
Drift with supply voltage 
0.15 
0.6 
0.3 
1 
%/V 


Ve 
Control voltage level 
Vce=15V 
9.6 
10.0 
104 
9.0 
10.0 
11.0 
V 


Vee=5V 
2.9 
3.33 
3.8 
2.6 
3.33 
4.0 
V 


Threshold voltage 
Vee=15V 
94 
10.0 
10.6 
8.8 
10.0 
11.2 
V 


VTH 


Vee=5V 
2.7 
3.33 
4.0 
24 
3.33 
4.2 
V 


ITH 
Threshold current3 
Vee= 
15V, VTH= 10.5V 
30 
250 
30 
250 
nA 


Trigger voltage 
Vee=15V 
4.8 
5.0 
5.2 
4.5 
5.0 
5.6 
V 


VTR1G 


Vee=5V 
145 
1.67 
1.9 
1.1 
1.67 
2.2 
V 


ITRIG 
Trigger current 
VTRIG=OV 
0.5 
0.9 
0.5 
2.0 
~A 


VRESET 
Reset voltageS 
04 
0.7 
1.0 
0.4 
0.7 
1.0 
V 


Reset current 
VRESET=0.4V 
0.4 
0.1 
0.4 
0.4 
0.1 
0.6 
mA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE556/556-1 
NElSA556/SE556C 
UNIT 
NE556-1/SE556-1C 


Min 
Typ 
Max 
Min 
Typ 
Max 


IRESET 
Reset current 
VRESET=OV 
0.4 
1.0 
0.4 
1.5 
mA 


Vcc=15V 


VOL 
Output voltage (low) 
ISINK=10mA 
0.1 
0.15 
0.1 
0.25 
V 


ISINK=50mA 
0.4 
0.5 
0.4 
0.75 
V 


SE556 
2.0 
2.25 
V 


NElSA556 
ISINK=100mA 
2.0 
3.2 
V 


NE556-1 
2.0 
2.5 
V 


ISINK=200mA 
2.5 
2.5 
V 


Vcc=5V 


ISINK=8mA 
0.1 
0.2 
0.25 
0.3 
V 


ISINK=5mA 
0.05 
0.15 
0.15 
0.25 
V 


Vcc=15V 


ISoURCE=200mA 
12.5 
12.5 
V 


VOH 
Output voltage (high) 
ISoURCE=1OOmA 
13.0 
13.3 
12.75 
13.3 
V 


Vcc=5V 


ISoURCE=1OOmA 
3.0 
3.3 
2.75 
3.3 
V 


Turn-off timeS 
VRESET=VCC 
0.5 
20 
0.5 
loFF 
NE556-1 
Jls 


tR 
Rise time of output 
100 
200 
100 
300 
ns 


tF 
Fall time of output 
100 
200 
100 
300 
ns 


Discharge leakage current 
20 
100 
20 
100 
nA 


Matching characteristics' 


Initial accuracy2 
0.5 
1.0 
1.0 
2.0 
% 


Drift with temperature 
10 
±10 
ppm/oC 


Drift with supply voltage 
0.1 
0.2 
0.2 
0.5 
%N 


NOTES: 
1. Supply current when output is high is typically 
1.0mA less. 
2. 
Tested at Vcc=5V 
and Vcc=15V. 


3. 
This will determine 
maximum value of RA+Rs. For 15V operation, the max total R=10Mn, 
and for 5V operation, the maximum total 
R=3.4Mn. 


4. 
Matching characteristics 
refer to the difference between performance 
characteristics 
for each timer section in the monostable 
mode. 
5. 
Specified with trigger input high. In order to guarantee reset the voltage at reset pin must be less than or equal to 0.4 V. To disable reset func- 
tion, the voltage at reset pin has to be greater than 1V. 
6. 
Time measured from a positive-going 
input pulse from a to 0.4 Vcc into the threshold to the drop from high to low of the output. Trigger is tied 
to threshold. 


TYPICAL 
APPLICATIONS 


One feature of the dual timer is that by utilizing 
both halves it is possible to obtain sequential 
timing. By connecting the output of the first half 


to the input of the second half via a 0.001 JlF 
coupling 
capacitor 
sequential 
timing 
may be 
obtained. Delay tl is determined by the first half 
and t2 by the second half delay. 


The first half of the timer is started by 
momentarily 
connecting 
Pin 6 to ground. 


When it is timed out (determined 
by 1.1R,C,) 


the second half begins. Its duration is 
determined 
by 1.1R2C2. 
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DESCRIPTION 
The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
independent 
timing functions. The 558 output 
sinks current. These highly stable, general 
purpose controllers 
can be used in a 
monostable 
mode to produce accurate time 
delays; from microseconds 
to hours. In the 
time delay mode of operation, the time is 
precisely controlled 
by one external resistor 
and cne .;apacitor. A stable operation can be 
achieved by using two of the four timer 


sections. 


The four timer sections in the 558 are 
edge-triggered; 
therefore, when connected in 
tandem for sequential timing applications, 
no 
coupling capacitors 
are required. Output 


current capability of 100mA is provided in 
both devices. 


• 1COmA output current per section 


• Edge-triggered 
(no coupling capacitor) 


• Output independent 
of trigger conditions 


• Wide supply voltage range 4.5V to 18V 


• Timer intervals from microseconds 
to hours 


• Time period equals RC 


• Military qualifications 
pending 


APPLICATIONS 


• Sequential timing 


• Time delay generation 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SOL 
o to +70°C 
NE558D 


16-Pin Plastic DIP 
o to +70°C 
NE558N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vec 
Supply voltage 


NE/SA558 
+16 
V 


SE558 
+18 
V 


Po 
Maximum power dissipation 
TA=25°C ambient (still-air) 1 


N package 
1450 
mW 


D package 
1090 
mW 


TA 
Operating ambient temperature 
range 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOlO 
Lead soldering temperature 
(1Osee max) 
+300 
°C 


NOTES: 
1. 
Derate above 25°C, at the following rates: 
F package at 9.5mW/cC 
N package at 11.6mWJOC 
D package at 8.7mW/oC 


TA= 25°C Vee=+5V to +15V, unless 
otherwise 
specified. 


DC AND AC ELECTRICAL 
CHARACTERISTICS 
TA = 25°C, Vee = +5V to +15V, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NESS8 
UNIT 


Min 
Typ 
Max 


Vee 
Supply voltage 
4.5 
16 
V 


Ice 
Supply current 
Vee=Reset=15V 
16 
36 
mA 


Timing accuracy (t=RC) 
R=2kQ to 100kQ, 


C=1flF 


tA 
Initial accuracy 
±2 
5 
% 


AtA/AT 
Drift with temperature 
30 
150 
ppmJOC 


6tA/AVS 
Drift with supply voltage 
0.1 
0.9 
%N 


VTR1G 
Trigger voltage 1 
Vee=15V 
0.8 
2.4 
V 


ITR1G 
Trigger current 
Trigger=OV 
5 
100 
f!A 


VRESET 
Reset voltage2 
0.8 
2.4 
V 


IRESET 
Reset current 
Reset 
50 
500 
f!A 


VTH 
Threshold voltage 
0.63 
xVee 


Threshold leakage 
15 
nA 


VOUT 
Output voltage3 
Il=10mA 
0.1 
0.4 
V 


Il=100mA 
1.0 
2.0 
V 


Output leakage 
10 
500 
nA 


tpo 
Propagation 
delay 
1.0 
fls 


tR 
Rise time of output 
Il=100mA 
100 
ns 


tF 
Fall time of output 
Il=100mA 
100 
ns 


NOTES: 
1. The trigger functions only on the falling edge of the trigger pulse only after previously being high. After reset, the trigger must be brought high 


and then low to implement triggering. 
2. 
For reset below 0.8V, outputs set low and trigger inhibited. For reset above 2.4V, trigger enabled. 


3. 
The 558 output structure is open-collector 
which requires a pull-up resistor to Vee to sink current. The output is normally low sinking current. 
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Section 5 
High Frequency Phase-Locked 
Loops / Function Generators 
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DESCRIPTION 
The NE/SE564 is a versatile, high 
guaranteed 
frequency 
phase-locked 
loop 
designed for operation up to 50MHz. 
As 
shown in the Block Diagram, the NE/SE564 
consists of a VCO, limiter, phase comparator, 
and post detection processor. 


FEATURES 


• Operation with single 5V supply 


• TTL-compatible 
inputs and outputs 


• Guaranteed operation to 50MHz 


• External loop gain control 


• Reduced carrier feedthrough 


• No elaborate filtering needed in FSK 
applications 


• Can be used as a modulator 


APPLICATIONS 


• High speed modems 


• Frequency Synthesizers 


• Signal generators 


• Various satcomiTV 
systems 


• pin configuration 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SO 
o to +70°C 
NE564D 


16-Pin Plastic DIP 
o to +70°C 
NE564N 


16-Pin Plastic DIP 
-55 to +125°C 
SE564N 
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SYMBOL 
PARAMETER 
RATING 
UNITS 


V+ 
Supply voltage 


Pin 1 
14 
V 
Pin 10 
6 
V 


lOUT 
(Sink) Max (Pin 9) 
10 
mA 


PD 
Power dissipation 
600 
mW 


Operating ambient temperature 
TA 
NE 
o to +70 
°c 


SE 
-55 to +125 
°c 


TSTG 
Storage temperature 
range 
-65 to +150 
°c 


NOTE: 
Operation above 5V will require heatsinking of the case. 


DC AND AC ELECTRICAL CHARACTERISTICS 


Vcc = 5V; TA = 0 to 25°C; fa = 5MHz, 12= 400flA; unless otherwise specified. 


LIMITS 
LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE564 
NE564 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Maximum VCO frequency 
C1 = 0 (stray) 
45 
60 
45 
60 
MHz 


Lock range 
Input? 
200mVRMS 
%olfo 


TA = 25"C 
40 
70 
40 
70 


TA=125"C 
20 
30 
TA = -55"C 
50 
80 
TA = OOC 
70 


TA = 70"C 
40 


Capture range 
Input? 
200mVRMS, R2 = 27n 
20 
30 
20 
30 
%offo 


fa = 5MHz, 
PPMI"C 
TA = -55"C to +125"C 
500 
1500 


VCO frequency drift with 
TA = 0 to +70"C 
= 0 to +70"C 
600 
temperature 
fa = 5MHz, 
300 
800 
TA = -55"C to +125"C 
500 


TA = 0 to +70"C 


VCO free-running 
frequency 
C1=91pF 
Re = lOOn "Internal" 
4 
5 
6 
3.5 
5 
65 
MHz 


VCO frequency change with 
Vcc = 4.5V to 5.5V 
3 
8 
3 
8 
%offo 
supply voltage 


Modulation frequency: 
1kHz 
fa = 5MHz, input deviation: 
2%T = 25"C 
16 
28 
16 
28 
mVRMS 


Demodulated 
output voltage 
1%T=25"C 
8 
14 
8 
14 
mVRMS 


l%T=O"C 
13 
mVRMS 


1%T = -55"C 
6 
10 
mVRMS 


1%T=70"C 
15 
mVRMS 


1%T=125"C 
12 
16 
mVRMS 


Distortion 
Deviation: 
1% to 8% 
1 
1 
% 


SIN 
Signal-to-noise 
ratio 
Std. condition, 
1% to 10% dev. 
40 
40 
dB 
AM rejection 
Std. condition, 30% AM 
35 
35 
dB 


Modulation frequency: 
1kHz 


Demodulated 
output at 
fa = 5MHz, input deviation: 
1% 
operating voltage 
Vee = 4.5V 
7 
12 
7 
12 
mVRMS 
Vee = 5.5V 
8 
14 
8 
14 
mVRMS 


Ice 
Supply current 
Vee = 5V 11, 110 
45 
60 
45 
60 
mA 


Output 
VOUT= 5V, Pins 16,9 
1 
20 
1 
20 
IlA 
"1" output leakage current 
"0" output voltage 
lOUT= 2mA, Pins 16, 9 
0.3 
0.6 
0.3 
0.6 
V 


lOUT= 6mA, Pins 16,9 
0.4 
0.8 
0.4 
0.8 
V 


Lock Range vs Signal Input 
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FUNCTIONAL 
DESCRIPTION 
(Figure 
1) 
The NE564 is a monolithic 
phase-locked 
loop 


with a post detection processor. 
The use of 
Schottky clamped transistors and optimized 
device geometries 
extends the frequency of 


operation to greater than 50MHz. 


In addition to the classical PLL applications, 
the NE564 can be used as a modulator with a 
controllable 
frequency deviation. 


The output of the PLL can be written as 
shown in the following equation: 


Va = (fiN - fa) 


Kvco 


Kvco = conversion 
gain of the vca 


fiN = frequency of the input signal 


fa = free-running 
frequency of the vca 


The process of recovering 
FSK signals 
involves the conversion 
of the PLL output into 
logic compatible 
signals. 
For high data rates, 


a considerable 
amount of carrier will be 


present at the output of the PLL due to the 
wide band nature of the loop filter. To avoid 
the use of complicated 
filters, a comparator 


with hysteresis or Schmitt trigger is required. 
With the conversion gain of the vca fixed, 
the output voltage as given by Equation 1 
varies according to the frequency deviation of 
fiN from fa. Since this differs from system to 
system, it is necessary that the hysteresis of 
the Schmitt trigger be capable of being 
changed, so that it can be optimized for a 
particular system. 
This is accomplished 
in 
the 564 by varying the voltage at Pin 15 
which results in a change of the hysteresis of 
the Schmitt trigger. 


For FSK signals, an important factor to be 
considered 
is the drift in the free-running 
frequency of the vca itself. 
If this changes 
due to temperature, 
according to Equation' 


it will lead to a change in the DC levels of the 
PLL output, and consequently 
to errors in the 
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digital output signal. 
This is especially true 
for narrowband 
signals where the deviation in 
fiN itself may be less than the change in fa 
due to temperature. 
This effect can be 
eliminated 
if the DC or average value of the 
signal is retrieved and used as the reference 
to the comparator. 
In this manner, variations 


in the DC levels of the PLL output do not 
affect the FSK output. 


VCO Section 
Due to its inherent high-frequency 
performance, 
an emitter-coupled 
oscillator is 


used in the vca. 
In the circuit, shown in the 
equivalent 
schematic, transistors 021 and 
023 with current sources 025 - 026 form the 
basic oscillator. 
The approximate 


free-running 
frequency of the oscillator is 
shown in the following equation: 


fo= 
1 
- 
22 Rc (C, + Cs) 
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Rc = R19 = R20 = lOOn (INTERNAL) 


C1 = external frequency 
setting capacitor 


Cs = stray capacitance 


Variation of Vo (phase detector output 
voltage) changes the frequency of the 
oscillator. 
As indicated by Equation 2, the 
frequency of the oscillator has a negative 
temperature 
coefficient due to the monolithic 
resistor. 
To compensate 
for this, a current IR 
with negative temperature 
coefficient is 
introduced to achieve a low frequency drift 
with temperature. 


Phase Comparator Section 
The phase detection processor consists of a 
doubled-balanced 
modulator with a limiter 
amplifier to improve AM rejection. 
Schottky-clamped 
vertical PN Ps are used to 
obtain TTl 
level inputs. 
The loop gain can be 


varied by changing the current in 04 and 015 
which effectively changes the gain of the 
differential amplifiers. 
This can be 


accomplished 
by introducing a current at Pin 
2. 


Post Detection Processor Section 
The post detection processor consists of a 
unity gain transconductance 
amplifier and 
comparator. 
The amplifier can be used as a 
DC retriever for demodulation 
of FSK signals, 
and as a post detection filter for linear FM 
demodulation. 
The comparator 
has 
adjustable 
hysteresis so that phase jitter in 


the output signal can be eliminated. 


As shown in the equivalent 
schematic, the 
DC retriever is formed by the 
transconductance 
amplifier 042 - 043 
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together with an external capacitor which is 
connected at the amplifier output (Pin 14). 
This forms an integrator whose output 
voltage is shown in the following equation: 


Va = 
~~ 
VINdt 


gM = transconductance 
of the amplifier 


C2 = capacitor at the output (Pin 14) 


VIN = signal voltage at amplifier input 


With proper selection of C2, the integrator 
time constant can be varied so that the output 
voltage is the DC or average value of the 
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input signal for use in FSK, or as a post 
detection filter in linear demodulation. 


The comparator with hysteresis is made up of 
049 - 050 with positive feedback being 
provided by 047 - 048. 
The hysteresis is 
varied by changing the current in 052 with a 
resulting variation in the loop gain of the 
comparator. 
This method of hysteresis 
control, which is a DC control, provides 
symmetric variation around the nominal 
value. 


Design Formula 
The free-running 
frequency 
of the vca is 
shown by the following equation: 


5V 


~NEFREauENc 
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ADJUSTMENT 


MODULATED 
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5V 
(TTL) 


Fi 
ure 4. Modulator 


1 
fa", 
22 Rc (C1 + Cs) 


Rc = 100Q 


C1 = external cap in farads 


Cs = stray capacitance 


The loop filter diagram shown is explained by 
the following equation: 


1. 
(5) 
fs = 
1 + sRC3 (First Order) 


R = R12 = R13 = 1.3kQ (Internal" 


By adding capacitors 
to Pins 4 and 5, a pole 
is added to the loop transfer at 


NOTE: 
"Refer to Figure 1. 


FM Demodulator 
The NE564 can be used as an FM 
demodulator. 
The connections 
for operation 


at 5V and 12V are shown in Figures 2 and 3, 
respectively. 
The input signal is AC coupled 


with the output signal being extracted at Pin 
14. Loop filtering is provided by the 
capacitors at Pins 4 and 5 with additional 
filtering being provided by the capacitor at Pin 


14. Since the conversion 
gain of the VCO is 
not very high, to obtain sufficient 
demodulated 
output signal the frequency 
deviation in the input signal should be 1% or 
higher. 


Modulation 
Techniques 
The NE564 phase-locked 
loop can be 


modulated at either the loop filter ports (Pins 
4 and 5) or the input port (Pin 6) as shown in 
Figure 4. The approximate 
modulation 
frequency can be determined 
from the 


frequency conversion gain curve shown in 
Figure 5. This curve will be appropriate 
for 


signals injected into Pins 4 and 5 as shown in 
Figure 4. 


FSK Demodulation 
The 564 PLL is particularly attractive for FSK 
demodulation 
since it contains an internal 


voltage comparator 
and VCO which have 
TTL compatible 
inputs and outputs, and it can 


operate from a single 5V power supply. 
Demodulated 
DC voltages associated with 
the mark and space frequencies 
are 
recovered with a single external capacitor in a 
DC retriever without utilizing extensive 
filtering networks. 
An internal comparator, 
acting as a Schmitt trigger with an adjustable 
hysteresis, shapes the demodulated 
voltages 
into compatible TIL output levels. 
The 


high-frequency 
design of the 564 enables it to 
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demodulate 
FSK at high data rates in excess 


of 1.0M baud. 


Figure 5 shows a high-frequency 
FSK 


decoder designed for input frequency 
deviations 
of ±1.0MHz centered around a 


free-running 
frequency of 10.8MHz. 
the 
value of the timing capacitance 
required was 
estimated from Figure 8 to be approximately 
40pF. A trimmer capacitor was added to fine 
tune fa' 10.8MHz. 


The lock range graph indicates that the 
+1.0MHz frequency deviations will be within 
the lock range for input signal levels greater 
than approximately 
50mV with zero Pin 2 


bias current. 
(While strictly this figure is 


appropriate 
only for 50MHz, it can be used as 


a guide for lock range estimates at other fa' 
frequencies). 


The hysteresis was adjusted experimentally 
via the 10kQ potentiometer 
and 2kQ bias 


arrangement 
to give the waveshape 
shown in 
Figure 7 for 20k, 500k, 2M baud rates with 
square wave FSK modulation. 
Note the 


magnitude and phase relationships 
of the 


phase comparators' 
output voltages with 


respect to each other and to the FSK output. 
The high-frequency 
sum components 
of the 


input and VCO frequency also are viable as 
noise on the phase comparator's 
outputs. 
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Figure 
6. Phase Comparator 
(Pins 4 and 5) and FSK (Pin 16) Outputs 


OUTLINE 
OF SETUP 
PROCEDURE 


1. Determine operating frequency of the 


VCO: 
IF+ N in feedback loop, then 
fo = N X fiN. 


2. Calculate value of the VCO frequency set 


capacitor: 


1 
2200fo 


3. Set 12(current sinking into Pin 2) for" 
1001lA. After operation is obtained, this 
value may be adjusted for best dynamic 
behavior. 


4. Check VCO output frequency with digital 
counter at Pin 9 of device (loop open, 
VCO to <I>de!.). 
Adjust Co trim or 
frequency adj. Pins 4 - 5 for exact center 
frequency, if needed. 


5. Close loop and inject input signal to Pin 6. 


Monitor Pins 3 and 6 with two-channel 
scope. 
Lock should occur with 6<1>3.6 
equal to 90° (phase error). 


6. If pulsed burst or ramp frequency is used 
for input signal, special loop filter design 
may be required in place of simple single 
capacitor filter on Pins 4 and 5. (See PLL 
application section) 


7. The input signal to Pin 6 and the VCO 
feedback signal to Pin 3 must have a duty 
cycle of 50% for proper operation of the 
phase detector. 
Due to the nature of a 
balanced mixer if signals are not 50% in 
duty cycle, DC offsets will occur in the 
loop which tend to create an artificial or 
biased VCO. 


8. For multiplier circuits where phase jitter is 


a problem, loop filter capacitors 
may be 


increased to a value of 10 - 50liF on Pins 
4, 5. Also, careful supply decoupling 
may 
be necessary. 
This includes the counter 
chain Vcc lines. 


BIAS ADJUST 
+5V 
.47"" 
'Ok 
~R. 


.47~F CER. 


D 
.33~F 


INPUT SIGNAL 
10 
4 
qlOOP 
lkn 
5 
FilTER 
I1J 
o-j 
~1[=G' 


.33~F 
-=- 
IT 
NE564 
9 
.47~F 
4ron 


--d 
VCO 
OUTPUT 
VCO 
I1J 
3 
8 
12 
13 


Cs 
Nx'T 


CT 


DESCRIPTION 
The NE/SE566 Function Generator is a 
voltage-controlled 
oscillator of exceptional 


linearity with buffered square wave and 
triangle wave outputs. The frequency of 
oscillation is determined 
by an external 


resistor and capacitor and the voltage applied 
to the control terminal. The oscillator can be 
programmed 
over a ten-to-one 
frequency 
range by proper selection of an external 
resistance and modulated over a ten-to-one 
range by the control voltage. with exceptional 
linearity. 


FEATURES 


• Wide range of operating voltage (up to 


24V; single or dual) 


• High linearity of modulation 


• Highly stable center frequency (200ppm/oC 
typical) 


• Highly linear triangle wave output 


• Frequency programming 
by means of a 


resistor 
or capacitor, 
voltage 
or current 


• Frequency adjustable over 10-to-1 range 


with same capacitor 


• Tone generators 


• Frequency shift keying 


• FM modulators 


• Clock generators 


• Signal generators 


• Function generators 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70°C 
NE566D 


14-Pin Cerdip 
o to +70°C 
NE566F 


8-Pin Plastic DIP 
o to +70°C 
NE566N 


8-Pin Plastic DIP 
-55°C to +125°C 
SE566N 


GROUNDOa 
v. 


NC 
2 
7 c, 


SQUAR5tfr~~~3 
6 
R, 


TRIANGLEWAVE4 
6 
MODULATION 


OUTPUT 
INPUT 


SYMBOL 
PARAMETER 
RATING 
UNIT 


V+ 
Maximum operating voltage 
26 
V 


V1N 
Input voltage 
3 
Vp.p 


TSTG 
Storage temperature 
range 
-65 to +150 
DC 


TA 
Operating 
ambient temperature 
range 


NE566 
o to +70 
DC 


SE566 
-55 to +125 
DC 


Po 
Power dissipation 
300 
mW 


DC ELECTRICAL CHARACTERISTICS 
TA=25°C, Vcc=±6V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
SE566 
NE566 
UNIT 


Mln 
Typ 
Max 
Mln 
I 
Typ 
Max 


General 


TA 
Operating 
ambient temperature 
range 
-55 
125 
0 
70 
°C 


Vce 
Operating 
supply voltage 
±6 
±12 
±6 
±12 
V 


lee 
Operating 
supply current 
7 
12.5 
7 
12.5 
mA 


veo' 


fMAx 
Maximum operating frequency 
1 
1 
MHz 


Frequency drift with temperature 
500 
600 
ppm/oC 


Frequency drift with supply voltage 
0.1 
1 
0.2 
2 
%N 


Control terminal input impedance2 
1 
1 
Mn 


FM distortion (±10% deviation) 
0.2 
0.75 
0.4 
1.5 
% 


Maximum sweep rate 
1 
1 
MHz 


Sweep range 
10:1 
10:1 


Output 


Triangle wave output 


impedance 
50 
50 
n 


voltage 
1.9 
2.4 
1.9 
2.4 
Vp.p 


linearity 
0.2 
0.5 
% 


Square wave input 


impedance 
50 
50 
n 


voltage 
5 
5.4 
5 
5.4 
Vp.p 


duty Cycle 
45 
50 
55 
40 
50 
60 
% 


tR 
Rise time 
20 
20 
ns 


tF 
Fall1ime 
50 
50 
ns 


NOTES: 
1. T; e external resistance for frequency adjustment 
(R,) must have a value between 2kn and 20kn. 


2. 
The bias voltage (Ve) applied to the control terminal (Pin 5) should be in the range V+SVeSV+. 
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OPERATING 
INSTRUCTIONS 


The NE/SE566 
Function Generator is a 
general purpose voltage-controlled 
oscillator 


designed for highly linear frequency 
modulation. The circuit provides simultaneous 
square wave and triangle wave outputs at 
frequencies 
up to 1MHz. A typical connection 
diagram is shown in Figure 1. The control 
terminal (Pin 5) must be biased externally 
with a voltage (Vc) in the range 


V+'-"Vc'-"V+ 


where Vcc is the total supply voltage. In 
Figure 1, the control voltage is set by the 
voltage divider formed with R2 and R3. The 
modUlating signal is then AC coupled with the 
capacitor C2. The modulating 
signal can be 
direct coupled as well, if the appropriate 
DC 
bias voltage is applied to the control terminal. 
The frequency is given approximately 
by 


fo = 2 [(V 
+) - 
(Vel] 
R, C, 
V+ 


and R, should be in the range 2k,l< 
R,<20kQ. 


A small capacitor (typically 0.001I'f) 
should 
be connected 
between Pins 5 and 6 to 


eliminate possible oscillation in the control 
current source. 


If the vca is to be used to drive standard 
logic circuitry, it may be desirable to use a 
dual supply as shown in Figure 2. In this case 
the square wave output has the proper DC 
levels for logic circuitry. RTL can be driven 
directly from Pin 3. For DTL or TTL gates, 
which require a current sink of more than 
1mA, it is usually necessary to connect a 5kQ 
resistor between Pin 3 and negative supply. 


This increases the current sinking capability 
to 2mA. The third type of interface shown 
uses a saturated transistor between the 566 
and the logic circuitry. This scheme is used 
primarily for TTL circuitry which requires a 
fast fall time «50ns) 
and a large current 


sinking capability. 
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DESCRIPTION 
The NE/SE567 tone and frequency decoder 
is a highly stable phase-locked 
loop with 


synchronous 
AM lock detection and power 
output circuitry. Its primary function is to drive 
a load whenever 
a sustained frequency within 


its detection band is present at the 
self-biased 
input. The bandwidth center 
frequency and output delay are independently 
determined 
by means of four external 
components. 


FEATURES 


• Wide frequency range (.01 Hz to 500kHz) 


• High stability of center frequency 


• Independently controllable 
bandwidth (up 
to 14%) 


• High out-band signal and noise rejection 


• Logic-compatible 
output with 1OOmAcur- 


rent sinking capability 


• Inherent immunity to false signals 


• Frequency adjustment over a 20-to-l 
range 
with an external resistor 


• Touch- Tone® decoding 


• Carrier current remote controls 


• Ultrasonic controls (remote TV, etc.) 


• Communications 
paging 


• Frequency monitoring and control 


• Wireless intercom 
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DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic SO 
o to +70"C 
NE567D 


14-Pin Cerdip 
o to +70°C 
NE567F 


8-Pin Plastic DIP 
o to +70"C 
NE567N 


8-Pin Plastic SO 
-55"C to + 125"C 
SE567D 


8-Pin Cerdip 
-55°C to + 125"C 
SE567FE 


8-Pin Plastic DIP 
-55"C to +125°C 
SE567N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


TA 
Operating temperature 


NE567 
o to +70 
·C 


SE567 
-55 to +125 
"C 


Vcc 
Operating voltage 
10 
V 


V+ 
Positive voltage at input 
0.5 +Vs 
V 


V- 
Negative voltage at input 
-10 
Voc 


VOUT 
800utput 
voltage (collector of output 
15 
Voc 
transistor) 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


PD 
Power dissipation 
300 
mW 


DC ELECTRICAL 
CHARACTERISTICS 


V +=5.0V; TA=25°C, unless otherwise 
specified. 


SYM· 
PARAMETER 
I 


TEST CONDITIONS 
I 


SE567 
NE567 
UNIT 
BOL 


I Min 
I 
Typ 
I 
Max 
Min 
I 
Typ 
Max 


Center 
frequency' 


fa 
Highest center frequency 
500 
500 
kHz 


fa 
Center Irequency 
stability2 
-55 to + 125°C 
35 ±140 
35 ±140 
ppmfoC 
o to +70°C 
35±60 
35 ±60 
ppmfoC 


fa 
Center frequency distribution 
fo = 100kHz 
= __ 
1_ 
-10 
0 
+10 
-10 
0 
+10 
% 


1.1R,C, 


fa 
Center Irequency 
shift with 
fa = 100kHz 
= __ 
1__ 
0.5 
1 
0.7 
2 
%N 
supply voltage 
1.1R,C, 


Detection 
bandwidth 


BW 
Largest detection bandwidth 
fo = 100kHz 
= __ 
1_ 
12 
14 
1S 
10 
14 
18 
%offo 


1.1R,C, 


BW 
Largest detection bandwidth 
2 
4 
3 
S 
%olfo 
skew 


BW 
Largest detection bandwidth- 
VI=300mVRMS 
±D.1 
±D.1 
%fOC 


variation with temperature 


BW 
Largest detectionbandwidth- 
VI=300mVRMS 
±2 
±2 
%N 


variation with supply voltage 


Input 


RIN 
Input resistance 
15 
20 
25 
15 
20 
25 
kn 


VI 
Smallest detectable 
input 
IL=100mA,II=lo 
20 
25 
20 
25 
mVRMS 
voltage4 


Largest no-output input voltage4 
IL=100mA,II=fo 
10 
15 
10 
15 
mVRMS 


Greatest simultaneous 
out-band 
+S 
+S 
dB 


signal-to-in-band 
signal ratio 


Minimum input signal to 
Bn=140kHz 
-S 
-S 
dB 


wide-band 
noise ratio 


Output 


Fastest on-off cycling rate 
10120 
10120 


"1" output leakage current 
Vs=15V 
0.01 
25 
0.01 
25 
flA 


"0" output voltage 
IL=30mA 
0.2 
0.4 
0.2 
0.4 
V 


IL=100mA 
O.S 
1.0 
O.S 
1.0 
V 


tF 
Output fall time3 
RL=50n 
30 
30 
ns 


tR 
Output rise time3 
RL=50n 
150 
150 
ns 


General 


Vcc 
Operating voltage range 
4.75 
9.0 
4.75 
9.0 
V 


Supply current quiescent 
S 
8 
7 
10 
mA 


Supply current-activated 
RL=20kn 
11 
13 
12 
15 
mA 


tpo 
Quiescent 
power dissipation 
30 
35 
mW 


NOTES: 
1. 
Frequency determining 
resistor R, should be between 2 and 20kn 


2. 
Applicable over 4.75V to 5.75V. See graphs for more detailed information. 
3. 
Pin 8 to Pin 1 feedback RL network selected to eliminate pulsing during turn-on and turn-off. 
4. 
With R2=130kn 
from Pin 1 to V+. See Figure 1. 
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Where 
VI~lnput voltage (VRMS) 
C2~Low-pass filter capacitor (~F) 


PHAS&LOCKEDLOOPTERM~ 
NOLOGYCENTERFREQUENCY 
(fo) 
The free-running 
frequency of the current 


controlled oscillator (CCO) in the absence of 
an input signal. 


Detection Bandwidth (BW) 
The frequency 
range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVRMS) will 
cause a logical zero state on the output. The 
detection bandwidth 
corresponds 
to the loop 


capture range. 


Lock Range 
The largest frequency 
range within which an 
input signal above the threshold voltage will 
hold a logical zero state on the output. 


Center Frequency 
Shift With Supply 
Voltage Change 
va 
Operating 
Frequency 
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./ 
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0.7 


4to IV _ %/VO.6 
to 
0.5 
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Detection Band Skew 
A measure of how well the detection band is 
centered about the center frequency, fa. The 
skew is defined as (fMAX+fMIW2fo)/2fo where 
fmax and fmin are the frequencies 
corresponding 
to the edges of the detection 
band. The skew can be reduced to zero if 
necessary 
by means of an optional centering 
adjustment. 


OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection diagram 
for the 567. For most applications, 
the 
following three-step procedure will be 
sufficient for choosing the external 
components 
R 


" 
C 
" 
C2 and C3. 


1. Select R1 and C 1 for the desired center 


frequency. For best temperature 
stability, 


R1 should be between 2K and 20K ohm, 
and the combined temperature 
coefficient 
of the R1Cl product should have 
sufficient stability over the projected 
temperature 
range to meet the necessary 


requirements. 


2. 
Select the low-pass capacitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input 
amplitude Variation is known, the 
appropriate value of fOC2 necessary to 
give the desired bandwidth may be found. 
Conversely, an area of operation may be 
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selected on this graph and the input level 
and C2 may be adjusted accordingly. For 
example, constand bandwidth operation 
requires that input amplitude be above 
200mVrms. The bandwidth, 
as noted on 


the graph, is then controlled solely by the 
fOC2 product (fO (Hz), C2(~F)). 
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3. 
The value of C3 is generally non-critical. 
C3 sets the band edge of a low-pass filter 
which attenuates frequencies 
outside the 
detection band to eliminate spurious out- 
puts. If C3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat fre- 
quency, or the output may pulse on and 
off during the turn-on transient. 
If C3 is too 


large, turn-on and turn-off of the 
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ILOW 
..l..PASS 


=FlLT 


Fi 
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output stage will be delayed until the voltage 
on C3 passes the threshold voltage. (Such 
delay may be desirable to avoid spurious 
outputs due to transient frequencies.) 
A 


typical minimum value for C3 is 2C2. 


4. 
Optional resistor R2 sets the threshold for 
the largest "no output" input voltage. A 
value of 130kQ is used to assure the 
tested limit of 10mVRMS min. This resis- 
tor can be referenced 
to ground for in- 


creased sensitivity. The explanation 
can 


be found in the "optional controls" section 
which follows. 


AVAILABLE 
OUTPUTS 


(Figure 
2) 
The primary output is the uncommitted 
output 


transistor collector, Pin 8. When an in-band 
input signal is present, this transistor 
saturates; its collector voltage being less than 
1.0 volt (typically 0.6V) at full output current 
(100mA). The voltage at Pin 2 is the phase 
detector output which is a linear function of 
frequency over the range of 0.95 to 1.05 fo 
with a slope of about 20mV per percent of 
frequency deviation. 
The average voltage at 


Pin 1 is, during lock, a function of the in-band 
input amplitude in accordance 
with the 
transfer characteristic 
given. Pin 5 is the 
controlled oscillator square wave output of 
magnitUde (+V -2VSE)={+V-1.4V) 
having a 
DC average 
of +V/2. A lkQ load may be 
driven from pin 5. Pin 6 is an exponential 
triangle of 1Vp.p with an average DC level of 
+V/2. Only high impedance 
loads may be 
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connected to pin 6 without affecting the CCO 
duty cycle or temperature 
stability. 


OPERATING 
PRECAUTIONS 
A brief review of the follOWing precautions will 
help the user achieve the high level of 
performance 
of which the 567 is capable. 


1. Operation in the high input level mode 
(above 200m V) will free the user from 
bandwidth variations due to changes in 
the in-band signal amplitude. The input 
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stage is now limiting, however, so that 


out-band signals or high noise levels can 
cause an apparent bandwidth 
reduction 


as the inband signal is suppressed. 
Also, 
the limiting action will create in-band 
components 
from sub-harmonic 
signals, 


so the 567 becomes sensitive to signals 
at f0/3, f015, etc. 


2. 
The 567 will lock onto signals near (2n+ 1) 
fa, and will give an output for signals near 
(4n+ 1) 10 where n=O, 1,2, etc. Thus, sig- 
nals at 510 and 910 can cause an un- 


wanted output. If such signals are 
anticipated, 
they should be attenuated 
be- 


fore reaching the 567 input. 


3. 
Maximum immunity from noise and 
out-band signals is afforded in the low in- 
put level (below 200mVRMS) 
and re- 


duced bandwidth 
operating mode. 


However, decreased 
loop damping 


causes the worst-case 
lock-up time to in- 
crease, as shown by the Greatest Number 
of Cycles Before Output vs Bandwidth 
graph. 


4. 
Due to the high switching speeds (20ns) 
associated with 567 operation, care 
should be taken in lead routing. Lead 
lengths should be kept to a minimum. The 
power supply should be adequately 
by- 
passed close to the 567 with a 0.01!,F or 
greater capacitor; grounding paths should 
be carefully chosen to avoid ground loops 
and unwanted voltage variations. Another 
factor which must be considered 
is the 
effect of load energization 
on the power 


supply. For example, an incandescent 
lamp typically draws 10 times rated cur- 
rent at turn-on. This can 


cause supply voltage fluctuations which 
could, for example, shift the detection band of 
narrow-band 
systems sufficiently to cause 
momentary loss of lock. The result is a 
low-frequency 
oscillation into and out of lock. 


Such effects can be prevented by supplying 
heavy load currents from a separate supply 
or increasing the supply filter capacitor. 


SPEED 
OF OPERATION 


Minimum lock-up time is related to the natural 
frequency of the loop. The lower it is, the 
longer becomes the turn-on transient. Thus, 
maximum operating speed is obtained when 
C2 is at a minimum. When the signal is first 
applied, the phase may be such as to initially 
drive the controlled oscillator away from the 
incoming frequency 
rather than toward it. 


Under this condition, which is of course 
unpredictable, 
the lock-up transient is at its 
worst and the theoretical 
minimum lock-up 


time is not achievable. 
We must simply wait 


for the transient to die out. 


The following expressions 
give the values of 


C2 and C3 which allow highest operating 
speeds for various band center frequencies. 
The minimum rate at which digital information 
may be detected without information 
loss due 
to the turn-on transient or output chatter is 
about 10 cycles per bit, corresponding 
to an 


information 
transfer 
rate 
of fd1 0 baud. 
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In cases where turn-off time can be sacrificed 
to achieve fast turn-on, the optional sensitivity 
adjustment circuit can be used to move the 
quiescent C3 voltage lower (closer to the 
threshold voltage). However, sensitivity to 
beat frequencies, 
noise and extraneous 


signals will be increased. 


OPTIONAL 
CONTROLS 
(Figure 
3) 


The 567 has been designed so that, for most 
applications, 
no external adjustments 
are 


required. Certain applications, 
however, will 


be greatly facilitated if full advantage is taken 
of the added control possibilities available 
through the use of additional external 
components. 
In the diagrams given, typical 
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Figure 
10. 


values are suggested where applicable. 
For 


best results the resistors used, except where 
noted, should have the same temperature 
coefficient. Ideally, silicon diodes would be 
low-resistivity 
types, such as forward-biased 
transistor base-emmitter 
junctions. 
However, 
ordinary low-voltage 
diodes should be 
adequate for most applications. 


SENSITIVITY 
ADJUSTMENT 


(Figure 
3) 


When operated as a very narrow-band 
detector (less than 8 percent), both C2 and 
C3 are made quite large in order to improve 
noise and out-band signal rejection. This will 
inevitably slow the response time. If, 
however, the output stage is biased closer to 
the threshold level, the turn-on time can be 
improved. This is accomplished 
by draWing 
additional current to terminal 1. Under this 
condition, the 567 will also give an output for 
lower-level signals (10mV or lower). 
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By adding current to terminal 1, the output 
stage is biased further away from the 
threshold voltage. This is most useful when, 
to obtain maximum operating speed, Cz and 
C3 are made very small. Normally, 
frequencies just outside the detection band 
could cause false outputs under this 
condition. 
By desensitizing 
the output stage, 
the out-band beat notes do not feed through 
to the output stage. Since the input level must 


be somewhat greater when the output stage 
is made less sensitive, rejection of third 
harmonics or in-band harmonics (of lower 
frequency signals) is also improved. 


CHATTER PREVENTION 


(Figure 
4) 
Chatter occurs in the output stage when C3 is 
relatively small, so that the lock transient and 
the AC components 
at the quadrature 
phase 
detector (lock detector) output cause the 
output stage to move through its threshold 
more than once. Many loads, for example 
lamps and relays, will not respond to the 
chatter. However, logic may recognize the 
chatter as a series of outputs. By feeding the 
output stage output back to its input (Pin 1) 
the chatter can be eliminated. Three 
schemes for doing this are given in Figure 4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the transient 
conditions are over. It is only necessary to 
assure that the feedback time constant is not 
so large as to prevent operation at the 
highest anticipated 
speed. Although chatter 


can always be eliminated 
by making C3 large, 


the feedback circuit will enable faster 
operation of the 567 by allowing C3 to be kept 
small. Note that if the feedback time constant 
is made quite large, a short burst at the input 
frequency can be stretched into a long output 
pulse. This may be useful to drive, for 
example, stepping relays. 


DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 


(Figure 
5) 
When it is desired to alter the location of the 
detection band (corresponding 
to the loop 
capture range) within the lock range, the 
circuits shown above can be used. By moving 
the detection band to one edge of the range, 


NOTE: 
CA prevents latch·up when power supply is turned on. 
Figure 12. Output latching 


for example, input signal variations will 
expand the detection band in only one 
direction. This may prove useful when a 
strong but undesirable 
signal is expected on 
one side or the other of the center frequency. 
Since Rs also alters the duty cycle slightly, 
this method may be used to obtain a precise 
duty cycle when the 567 is used as an 
oscillator. 


ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 


(Figure 
6) 


Although a large value of Cz will reduce the 
bandwidth, 
it also reduces the loop damping 


so as to slow the circuit response time. This 
may be undesirable. 
Bandwidth can be 


reduced by reducing the loop gain. This 
scheme will improve damping and permit 
faster operation under narrow-band 
conditions. 
Note that the reduced impedance 


level at terminal 2 will require that a larger 
value of Cz be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rs and Rc can be 
eliminated 
and the RA resistors connected 


together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 


OUTPUT LATCHING 
(Figure 
7) 


To latch the output on after a signal is 
received, it is necessary 
to provide a 
feedback resistor around the output stage 
(between Pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 


REDUCTION OF C1 VALUE 


(Figure 
8) 


For precision very low-frequency 
applications, 


where the value of C, becomes large, an 
overall cost savings may be achieved by 
inserting a voltage-follower 
between the R, 


C, junction and Pin 6, so as to allow a higher 
value of R, and a lower value of C, for a 
given frequency. 


PROGRAMMING 
To change the center frequency, the value of 
R, can be changed with a mechanical 
or solid 


state switch, or additional 
C, capacitors may 


be added by grounding them through 
saturating NPN transistors. 


NOTES: 


COrTfKlnent 
values {Typlca~ 


R, _ 26.8 to 15kn 
R2 - 24.7kn 
R3- 20kn 
C, .O.10mF 
C2. 
1.0mF 5V 
C3 - 2.2mF6V 
C4 - 250~F 6V 


60HzhAC UN~E 
~:VRMS 


SOOpF 


1:1 
R1 


2.5kn 


r 
T LOAD 


K1Lo 


C2 -------0 


C1 
.006 
C3 
AUDIO OUT 
:r i I 


(IF INPUTIS 


O.OO4mfd 
.02 
FREQUENCY 
MODULATED) 


INPUT SIGNAL 
(>100mV~ 


100mv(pp) 
SQUARE'OR~ 
50mVRMS 
~--I 
SINE INPUT 


OUTPUT 
(INT01k 
OHM MIN. 
LOAD) 


NOTES: 
R2- R1/5 
- 
- 


Adjust R, so that ~. 
90'" w~h control midway. 


-" 


PHAS 
SHIFT 


NOTES: 
1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 


2. If C3 is made large so as to delay turn-on of the top 567, decoding 01 sequential (I, '2) tones is possible. 


LJTL 
--1:- 
80· 
LrL 


-I c, 


YCO 
TERMINAL 
(±6%) 
R, 


YCO 
TERMINAL 
(±6%) 


DESCRIPTION 
The NE568A is a monolithic phase-locked 
loop (PLL) which operates from 1Hz to 
frequencies 
in excess of 150MHz and 
features an extended supply voltage range 
and a lower temperature 
coefficient of the 
Vco center frequency 
in comparison 
with its 
predecessor, the NE 568. 
The NE568A is 
function and pin-compatible 
with the NE568, 
requiring only minor changes in peripheral 
circuitry (see Rgure 1). Temperature 
compensation 
network is different, no resistor 
on Pin 12, needs to be grounded and Pin 13 
has a 3.9kn 
resistor to ground. 
Timing cap, 
Cz, is different and for 70MHz operation with 
temperature 
compensation 
network should be 
16pF, not34pF 
as was used in the NE568. 
The NE568A has the following 
improvements: 
ESD protected; extended 
Vcc range from 4.5V to 5.5V; operating 
temperature 
range -55 to 125°C (see 
Signetics Military 568A data sheet); less 
layout sensitivity; 
and lower Tc of VCO 
(center frequency). 
The intagrated circuit 
consists of a limiting amplifier, a 
current-controlled 
oscillator (ICO), a phase 
detector, a level shift circuit, VII and IN 
converters, 
an output buffer, and bias circuitry 
with temperature 
and frequency 
compensating 
characteristics. 
The design of 
the NE568A is particularly well-suited 
for 


demodulation 
of FM signals with extremely 
large deviation in systems which require a 
highly linear output. 
In satellite receiver 
applications 
with a 70MHz IF, the NE568A 
will demodulate ±20% deviations with less 
than 1.0% typical non-linearity. 
In addition to 
high linearity, the circuit has a loop filter which 
can be configured with series or shunt 
elements to optimize loop dynamic 
perlormance. 
The NE568A is available in 
2Q-pin dual in-line and 2Q-pin SO (surlace 
mounted) plastic packages. 


FEATURES 


• Operation to 150MHz 


• High linearity buffered output 


• Series or shunt loop filter component 
capability 


• Extemalloop 
gain control 


• Temperature compensated 


• ESD protected' 


APPLICATIONS 


• Satellite receivers 


• Fiber optic video links 


• VHF FSK demodulators 


• Clock Recovery 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Plastic SOL 
o to +70°C 
NE568AD 


2Q-Pin Plastic DIP 
o to +70°C 
NE568AN 


2Q-Pin Plastic SOL 
-40 to +85°C 
SA568AD 


2Q-Pin Plastic DIP 
-40 to +85°C 
SA568AN 


NOTE: 
1. 
Pins 4 and 5 can tolerate 1000V only, and all other pins, greater than 2000V for ESD (human body model). 


LF3 


LF4 


FREQADJ 


OUTALT 


VOUT 


TCADJ2 


TCADJ1 


VIN 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vee 
Supply voltage 
6 
V 


TJ 
Junction temperature 
+150 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


PDMAX 
Maximum power dissipation 
400 
mW 


BJA 
Thermal resistance 
80 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
The elctrical characteristics 
listed below are 
actual tests (unless otherwise stated) 
performed on each device with an automatic 


IC tester prior to shipment. 
Performance of 


the device in automated test set-up is not 
necessarily optimum. 
The NE568A is 
layout-sensitive. 
Evaluation of performance 


for correlation 
to the data sheet should be 


done with the circuit and layout of Figures 1-3 
with the evaluation 
unit soldered in place. 


(Do not use a socket!) 


DC ELECTRICAL CHARACTERISTICS 
Vee = 5V; TA = 25°C; fa = 70MHz, Test Circuit Figure 1, fiN = -20dBm, R, = 3.9kQ, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE/SA568A 
UNITS 


MIN 
TYP 
MAX 


Vee 
Supply voltage 
4.5 
5 
5.5 
V 


Ice 
Supply current 
54 
70 
mA 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE/SA568A 
UNITS 


MIN 
TYP 
MAX 


fose 
Maximum oscillator operating frequency3 
150 
MHz 


Input signal level 
50 
2000 
mVp.p 
_20' 
+10 
dBm 


BW 
Demodulated 
bandwidth 
f0/7 
MHz 


Non-linearitys 
Dev = ±20%, Input = -20dBm 
1.0 
4.0 
% 


Lock range2 
Input = -20dBm 
±25 
±35 
%offo 


Capture range2 
Input = -20dBm 
±20 
±30 
%offo 


TC offo 
Figure 1 
100 
ppm/"C 


R'N 
Input resistance' 
1 
kQ 


Output impedance 
6 
Q 


Demodulated 
VOUT 
Dev = ±20% of fa measured at 
0040 
0.52 
Vp.p 
Pin 14 


AM rejection 
V,N = -20dBm (30% AM) 
50 
dB 
referred to ±20% deviation 


Centered at 70MHz, R2 = 
fa 
Distribution6 
1.2kQ, C2 = 16pF, ~ 
= 3.90 
-15 
0 
+15 
% 


(C2 + CSTRAY= 20pF) 


fa 
Drift with supply 
4.5V to 5.5V 
2 
%/V 


NOTE: 
1. Signal level to assure all published parameters. 
Device will continue to function at lower levels with varying performance. 


2. 
Limits are set symmetrical 
to fa. Actual characteristics 
may have asymmetry 
beyond the specified limits. 


3. 
Not 100% tested, but guaranteed 
by design. 


4. 
Input impedance 
depends on package and layout capacitances. 
See Figures 4 and 5. 


5. 
Linearity is tested with incremental 
changes in inupt frequency and measurement 
of the DC output voltage at Pin 14 (VOUT). Non-linearity 
is 
then calculated 
from a straight line over the deviation range specified. 


6. 
Free-running 
frequency 
is measured as feedthrough 
to Pin 14 (VOUT)with no input signal applied. 


VCC2 
lF1 


I 


C 
' 
GND2 
lF2 


R1 
C'O 


GND1 
lF3 


C9 


TCAPl 
lF4 
II 
RFC' 
C2 


R2 
TCAP2 
FREQADJ 


VCC2 
OUTFILT 


'~ 


REPBYP 
VOUT 


VCC 
R4 
REPBYP 
TCADJ2 


PNPBYP 
TCADJ, 
'11: 


INPBYP 
VIN 


I 


C7 


RS 


I 
--L 


FUNCTIONAL 
DESCRIPTION 


The NE568A is a high-performance 
phase-locked 
loop (PLL). 
The circuit consists 
of conventional 
PLL elements, with special 


circuitry for linearized demodulated 
output, 


and high-frequency 
performance. 
The 
process used has NPN transistors with fT > 
6GHz. 
The high gain and bandwidth of these 
transistors make careful attention to layout 
and bypass critical for optimum performance. 
The performance 
of the PLL cannot be 
evaluated independent 
of the layout. 
The use 
of the application 
layout in this data sheet 
and surface-mount 
capacitors are high 
recommended 
as a starting point. 


The input to the PLL is through a limiting 
amplifier with a gain of 200. The input of this 
amplifier is differential 
(Pins 10 and 11). For 


single-ended 
applications, 
the input must be 
coupled through a DC-blocking capacitor with 
low impedance 
at the frequency of interest. 


The single-ended 
input is normally applied to 
Pin 11 with Pin 10 AC-bypassed 
with a 
low-impedance 
capacitor. 
The input 


impedance 
is characteristically 
slightly above 
500Q. 
Impedance 
match is not necessary, 
but loading the signal source should be 
avoided. 
When the source is 50 or 75Q, a 
DC-blocking 
capacitor is usually all that is 
needed. 


Figure 
1. Test Circuit 
for AC Parameters 


Input amplification 
is low enough to assure 
reasonable 
response time in the case of large 


signals, but high enough for good AM 
rejection. 
After amplification, 
the input signal 


drives one port of a multiplier-cell 
phase 


detector. 
The other port is driven by the 
current-controlled 
oscillator (ICO). The 
output of the phase comparator 
is a voltage 
proportional 
to the phase difference of the 


input and ICO signals. 
The error signal is 


filtered with a low-pass filter to provide a 
DC-correction 
voltage, and this voltage is 
converted to a current which is applied to the 
lCD, shifting the frequency in the direction 
which causes the input and ICO to have a 
90° phase relationship. 


The oscillator is a current-controlled 
multi vibrator. 
The current control affects the 
charge/discharge 
rate of the timing capacitor. 


It is common for this type of oscillator to be 
referred to as a voltage-controlled 
oscillator 


(VCO), because the output of the phase 
comparator 
and the loop filter is a voltage. 
To 


control the frequency of an integrated ICO 
multivibrator, the control signal must be 


conditioned 
by a voltage-ta-current 
converter. 


In the NE568A, special circuitry predistorts 
the control signal to make the change in 
frequency a linear function over a large 
control-voltage 
range. 


The free-running 
frequency of the oscillator 
depend on the value of the timing capacitor 
connected 
between Pins 4 and 5. The value 


of the timing capacitor depends on internal 
resistive components 
and current sources. 


When R2 = 1.2kQ and R4 = OQ, a very close 
approximation 
of the correct capacitor value 


is: 


C' 
0.0014 
F 
=~ 


The temperature-compensation 
resistor, R4, 


affects the actual value of capacitance. 
This 
equation is normalized 
to 70MHz. 
See 8 for 


correction factors. 


The loop filter determines 
the dynamic 


characteristics 
of the loop. 
In most PLLs, the 


phase detector outputs are internally 
connected 
to the ICO inputs. 
The NE568A 


was designed with filter output to input 
connections 
from Pins 20 (¢ DET) to 17 


(ICO), and Pins 19 ($ DET) to 18 (ICO) 
external. 
This allows the use of both series 
and shunt loop-filter elements. 
The loop 


constratints 
are: 


Ko ; 
0.12 VI Radian (Phase 
Detector 
Constantinteraction 
with lOon load resistors intemalto 
R d' 
the phase detector. 
Ko ; 
4.2 '10g ~ 
(lCa 
Constant) 
1 
V-sse 
Cg ; 
2Jr (50) (fo) 
F 
The loop filter determines 
the general 


characteristics 
of the loop. 
Capacitors Cg, 


C1Q,and resistor R1, control the transient 
output of the phase detector. 
Capacitor Cg 
suppresses 
70MHz feedthrough 
by 


At 70MHz, the calculated value is 45pF. 
Empirical results with the test and application 
board were improved when a 47pF capacitor 
was used. 


C1 
100nF 
±10% 
Ceramic chip 
1206 


C2' 
18pF 
±2 
% 
Ceramic chip 
0805 


Cl 
16pF 
±2% 
Ceramic ORChip 


C3 
100nF 
±10% 
Ceramic chip 
1206 


C. 
100nF 
±10% 
Ceramic chip 
1206 


Cs 
6.81!F 
±10% 
Tantalum 
35V 


Cs 
100nF 
±10% 
Ceramic chip 
1206 


C7 
100nF 
±10% 
Ceramic chip 
1206 


Cs 
100nF 
±10% 
Ceramic chip 
1206 


Cg 
47pF 
±2 
% 
Ceramic chip 
0805 or 1206 


C1Q 
560pF 
±2 
% 
Ceramic chip 
0805 or 1206 


Cn 
47pF 
±2% 
Ceramic chip 
0805 or 1206 


C'2 
100nF 
±10% 
Ceramic chip 
1206 


C'3 
100nF 
±10% 
Ceramic chip 
1206 


Rj 
27n 
±100/o 
Chip CR32 
1/4W 


R2 
1.21<0 
Trim pot 


R33 
43n 
±10% 
ChipCR32 
1/4W 


R.' 
3.91<0 
±10% 
Chip CR32 
1/4W 


RS3 
50n 
±10% 
Chip CR32 
1/4W 


RFC1s 
10l!H 
±10% 
Surface mount 


RFC2s 
10l!H 
±10% 
Surface mount 


NOTES: 
1. 
18pF with Pin 12 ground and Pin 13 no connect (open). 
2. 
C2 + CSTRAY; 16pF for temperature-compensated 
configuration 
with R. ; 3.91<0. 
3. 
For 50n setup. 
R,; 
62n, 
R3 ; 75n for 75Q application. 
4. 
For test configuration 
R. ; on (GND) and C2 ; 18pF. 
5. 
on chip resistors (jumpers) may be substituted with minor degradation 
of performance. 


The natural frequency for the loop filter is set 
by C10 and R1. If the center frequency of the 
loop is 70MHz and the full demodulated 
bandwidth is desired, Le., faw ; f0f7 ; 
10MHz, and a value for R, is chosen, the 
value of C1Qcan be calculated. 


C'O 
1 
F 
2Jr R1 
faw 


C, 
100nF 
±10% 
Ceramic chip 
50V 


C21 
18pF 
±2% 
Ceramic chip 
SOV 


C22 
16pF 
±2 
% 
Ceramic chip 
0805 


C3 
100nF 
±10% 
Ceramic chip 
SOV 


C4 
100nF 
±10% 
Ceramic chip 
50V 


Cs 
6.8J.'F 
±10% 
Tantalum 
35V 


Cs 
100nF 
±10% 
Ceramic chip 
50V 


C7 
100nF 
±10% 
Ceramic chip 
50V 


Ca 
100nF 
±10% 
Ceramic chip 
50V 


Cg 
47pF 
±2 


% 
Ceramic chip 
50V 


C10 
560pF 
±2 


% 
Ceramic chip 
50V 


Cll 
47pF 
±2% 
Ceramic chip 
SOV 


C12 
100nF 
±10% 
Ceramic chip 
50V 


C'3 
100nF 
±10% 
Ceramic chip 
50V 


R1 
27n 
±10% 
Ceramic chip CR32 
1/4W 


R2 
1.2kn 
Trim pot 


R33 
43n 
±10% 
Ceramic chip CR32 
1/4W 


~4 
3.9kn 
±10% 
Ceramic chip CR32 
1/4W 


RS3 
50n 
±10% 
Ceramic chip CR32 
1/4W 


RFC, 
10J.'H 
±10% 
Surface mount 


RFC2 
10J.'H 
±10% 
Surface mount 


NOTES: 
1. 
18pF with Pin 12 ground and Pin 13 no connect (open). 


2. 
C2 + CSTRAY = 16pF for temperature-compensated 
configuration 
with ~ 
= 3.9kn. 
3. 
For son setup. 
R1 = 62n, R3 = 75n for 7sn application. 
4. 
For test configuration 
R4 = on (GND) and C2 = 18pF. 
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Figure 4. NE568A Input Impedance 
With 


CP = O.5pF 20-Pin SO Package 
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Section 6 
Line Drivers/Receivers, 
Modems 


MC145406 


NE5170 


EIA-232-DIV.28 driver/receiver 
... 


Octal line driver 
. 


NE5180/NE5181Octal 
differential line receiver 
... 


AM26LS31 
Quad high-speed differential line driver 
.. 


AM26LS321 


AM26LS33 
Quad high-speed differential line receivers 
... 


NE5050 
Power line modem 


NE5080 
High-speed 
FSK modem transmitter 


NE5081 
High -speed FSK modem receiver 
... 


.. .... 
316 


.......... 
320 


..... 
326 


· 330 


· 295 


300 


· 306 


.. . 311 


DESCRIPTION 
The MC145406 is a silicon-gale 
CMOS IC 
that combines 3 drivers and 3 receivers to 
fulfill the electrical specifications 
of standards 
EIA-232-D and CCITT V.28. The drivers 
feature true TTL input compatibility, 
slew-rate 


limited output, 300Q power-off source 
impedance, and output typically switching to 
within 25% of the supply rails. The receivers 
can handle up to ±25V while presenting 3 to 
7kQ impedance. 
Hysteresis in the receiver 


aids reception of noisy signals. 
By combining 
both drivers and receivers in a single CMOS 
chip, the MC 145406 provides efficient, 
low-power solutions for EIA-232-D and V.28 
applications. 


• ±5 to ± 12V supply range 


• 300Q power-off source impedance 


• Output current limiting 


• TTL compatible 


• Maximum slew rate = 30V/flS 


• Receivers 


• ±25V input voltage range over the full 


supply range 


• 3 to 7kQ input impedance 


• Hystersis on input switchpoint 


• General 


• Very low supply currents for long battery 


life 


• Operation is independent 
of power supply 


sequencing 


• Modem interface 


• Voice/data telephone interface 


• Lap-top computers 


• UART interface 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic DIP 
o to +70oC 
MC145406N 


16-Pin SOL 
o to +70oC 
MC145406D 


013 


vss 
8 
9 
GNo 


NOTE: 
D", Driver 
R - Receiver 


lSk 


RX 


DO 


S.4k 


VSS 
-= 


I.QV 


DRIVER 
1.8V 


HYSTERESIS 


300 
LEVEL 
01 


TX 


SHIFT 
1.4V 


PIN# 
SYMBOL 
PIN DESCRIPTION 


1 
VDD 
Positive 
power supply. 
The most positive power supply pin, which is typically 5 to 12 volts. 


B 
Vss 
Negative 
power supply. 
The most negative power supply pin, which is typically -5 to -12 volts. 


16 
Vcc 
Dlgilal 
power supply. 
The digital supply pin, which is connected to the logic power supply (maximum +5.5V). 


9 
GNO 
Ground. 
Ground return pin is typically connected to the signal ground pin of the EIA-232-0 
connector (Pin 7) 


as well as to the logic power supply ground. 


2,4,6 
RX" 
RX2, RX3 
Receive Dala Inpul. 
These are the EIA-232-0 receive signal inputs whose voltages can range from +25 to -25V. 


A voltage between +3 and +25 is decoded as a space and causes the corresponding 
DO pin to swing to ground 
(OV); a voltage between -3 and -25V is decoded as a mark and causes the DO pin to swing up to Vcc. The actual 
turn-on input switch point is typically biased at 1.BV above ground, and includes BOOmVof hysteresis for noise 
rejection. The nominal input impedance is 5kn. 
An open or grounded input pin is interpreted as a mark, forcing 
the DO pin to Vcc. 


11,13,15 
001, 
002, 
003 
Data OUlput. 
These are the receiver digital output pins, which swing from Vcc to GNO. 
A space on the RX 


pin causes DO to produce a logic zero; a mark produces a logic one. Each output pin is capable of driving one 
LSTTL input load. 


10,12,14 
01" 
012, 013 
Data Input. 
These are the high-impedance 
digital input pins to the drivers. 
TTL compatibility 
is accomplished 
by biasing the input switchpoint at 1.4V above ground. However, 5V CMOS compatibility 
is maintained as well. 


Input voltage levels on these pins must be between Vcc and GNO. 


3,5,7 
TX1, TX2, TX3 
Transmit 
Dala Output. 
These are the EIA-232-0 transmit signal output pins, which swing toward VDDand Vss. 


A logic one ata 01input causes the corresponding TX output to swing toward Vss. A logic zero causes the output 
to swing toward VDD(the output voltages will be slightly less than VDDor Vss depending upon the output load). 
Output slew rates are limited to a maximum of 30V/~s. 
When the MC145406 is off (VDD= Vss = Vcc = GNO), 


the minimum output impedance is 300n. 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Vee 
Supply voltage 
-0.5 to +6.0 
V 


Voo 
Supply voltage 
-0.5 to +13.5 
V 


Vss 
Supply voltage 
+0.5 to -13.5 
V 


Input voltage range 


VIR 
RXl_3 inputs 
(Vss -15) to (Voo + 15) 
V 
D11-3inputs 
-0.5 to (Vee + 0.5) 


DC current per pin 
±100 
mA 


Po 
Power dissipation (package) 
1.0 
W 


TA 
Operating temperature 
range 
o to +70 
°c 


TSTG 
Storage temperature 
range 
-65 to +150 
°c 


Thermal impedance 
N package 
80 
°CIW 
°JA 
D package 
105 


NOTE: 
This device contains protection circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is 


advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. 


For proper operation, it is recommended 
that the voltages at the DI and DO pins be constrained 
to the range GND,; 
VOl'; Voo and GND,; 
Voo 
,; Vee. Also, the voltage at the RX pin should be constrained 
to ±25V, and TX should be constrained 
to Vss,; 
VTXl-3'; Voo. 
Unused inputs 
must always be tied to an appropriate 
logic voltage level (e.g., GND or Vee for DI, and Vss or Voo for RX). 


DC ELECTRICAL CHARACTERISTICS 


Typical values are at TA = 0 to 70°C; GND = OV,unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


MIN 
I 
TYP 
[ 
MAX 


DC supply 
voltage 


Voo 
4.5 
5 to 12 
13.2 
V 


Vss 
-4.5 
-5 to -12 
-13.2 
V 


Vee 
4.5 
5.0 
5.5 
V 


Quiescent 
supply 
current 
(outputs 
unloaded, 
inputs 
low) 


100 
Voo=+12V 
20 
400 
flA 


Iss 
Vss=-12V 
280 
600 
flA 


Ice 
Vee = +5V 
260 
450 
flA 


RECEIVER ELECTRICAL CHARACTERISTICS 


Typical values are at TA = 0 to 70oe; GND = OV; Voo = +5 to +12V; Vss = -5 to -12V; Vee = +5V ±5%, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


MIN 
TYP 
MAX 


VON 
Input turn-on threshold 
RXl-3 
VOOl-3- VOL, Vee - 5.0V ±5% 
1.35 
1.80 
2.35 
V 


VOFF 
Input turn-off threshold 
RXl_3 
VOOl-3- VoH, Vee - 5.0V ±5% 
0.75 
1.00 
1.25 
V 


VOWVOFF 
Input threshold hysteresis 
RXl_3 
Vee = 5.0V ±5% 
0.6 
0.8 
V 


R'N 
Input resistance 
RXl_3 
(Vss-15V).s 
VRXl-3'; (Voo+ 15V) 
3.0 
5.0 
7.0 
kQ 


VOH 
High level output voltage 
DOl-3 
IOH= -20flA, Vee = +5.0V 
4.9 
5.0 
V 


VRXl-3 = -3V to (Vss-15V)1 
IOH- -1mA, Vee = +5.0V 
3.8 
4.4 
V 


Low level output voltage 
DOl-3 
IOL= +20flA, Vee = +5.0V 
0.005 
0.1 
V 


VOL 
VRXl-3 = +3V to (Voo+15V)1 
10L= +2mA, Vee = +5.0V 
0_15 
0.5 
V 


10L- +4mA, Vee - +5.0V 
0.3 
0.7 
V 


NOTE: 
1. This is the range of input voltages as specified by EIA-232-D to cause a receiver to be in the high or low logic state. 


DRIVER 
ELECTRICAL 
CHARACTERISTICS 


Typical values are at TA ~ 0 to 70°C; GND ~ OV; Vcc ~ +SV ±S%, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNITS 


MIN 
TYP 
MAX 


VIL 
Digital input voltage 
DI'·3 
Logic 0 
0.8 
V 


VIH 
Digital input voltage 
DI'.3 
Logic 1 
2.0 
V 


tiN 
Input current 
DI'·3 
VDI'.3 ~ Vcc 
±1.0 
llA 


Output high voltage 
TX'_3 
VDD~ +SOV, Vss ~ -S.OV 
3.S 
4.1 
V 


VOH 
VDI'.3 ~ Logic 0, RL ~ 3.0kQ 
VDD~ +S.OV,Vss ~ -6.0V 
4.3 
S.O 
V 


VDD~ +12.0V, Vss ~ -12.0V 
9.2 
10.4 
V 


Output low voltage' 
TX'.3 
VDD~ +S.OV,Vss ~ -S.OV 
-4.0 
-4.3 
V 


VOL 
VDI'.3 ~ Logic 0, RL ~ 3.0kQ 
VDD ~ +6.0V, Vss ~ -S.OV 
-4.S 
-S.2 
V 


VDD~ +12.0V, Vss ~ -12.0V 
-10.0 
-10.3 
V 


Off source resistance 
TX'_3 
VDD~Vss~GND~OV, VTX'-3 ~ ±2.0V 
300 
Q 
Figure 1 


Isc 
Output short-circuit 
current 
TX'_3 
TX'.3 shorted to GND2 
±22 
.60 
mA 


VDD~+12.0V, 
Vss~-12.0V 
TX'.3 shorted to ± ls.oV3 
±60 
±100 
mA 


NOTE: 
1. The voltage specifications 
are in terms of absolute values. 
2. 
Specification 
is for one TX output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, 
device power dissi- 


pation limits will be exceeded. 
3. 
This condition could exceed package limitations. 


SWITCHING 
CHARACTERISTICS 


Typical values are at TA 
~ 0 to 70°C; Vcc ~ +SV ±S%, unless otherwise specified. (See Figures 2 and 3) 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
LIMITS 
UNITS 


I 
MIN 
I 
TYP 
I 
MAX 


Drivers 


tpLH 
Propagation 
delay time 
TX'.3 
Low-to-High 
RL ~ 3kQ, CL ~ SOpF 
300 
SOO 
ns 


tpHL 
Propagation 
delay time 
TX'_3 
High-to-Low 
RL ~ 3kQ, CL ~ SOpF 
300 
SOO 
ns 


Output slew rate 
TX'.3 
RL ~ 7kQ, CL ~ OpF, 
±6 
±30 
VI~s 
SR 
(minimum load) 
VDD ~ 6 to 12.0V, Vss ~ -6 to -12V 


Output slew rate 
TX"3 
RL ~ 7kQ, CL ~ 2S00pF, 
±3.0 
V/~s 
(maximum load) 
VDD ~ 12V, Vss~-12V 


Receivers 
(CL = 50pF) 


tPLH 
Propagation 
delay time 
DO'-3 
Low-to-High 
lS0 
42S 
ns 


tpHL 
Propagation 
delay time 
DO'_3 
High-to-Low 
lS0 
42S 
ns 


tA 
Output rise time 
DO'_3 
120 
400 
ns 


tF 
Output fall time 
DO'·3 
40 
100 
ns 


VOO 
,. 


01, 


012 


'0 
013 


VSS 
8 


R~EEIVERS50% 
- 


RX1~ 
OV 


t 
HL 
tplH 
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3V 
TX'·3 
-3V 
-3V 


tSLH 
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SLEWRATE(SR)= -3V -3V 
3V- (-3V) 
tSLH 
OR 
tSHL 


Figure 
3. Slew Rale Characterization 


APPLICATIONS 
INFORMATION 
The MC 145406 has been designed to meet 
the electrical specifications 
of standards 


EIA-232-D/CCITI 
V.28 and as such, defines 


the elctrical and physical interface between 
Data Communication 
Equipment (DCE) and 
Data Terminal Equipment (DTE). 
A DCE is 


connected to a DTE using a cable that 
typically carries up to 25 leads, which allow 
the transfer of timing, data, control, and test 
signals. 
The MC145406 provides the 
necessary level shifting between the 
TTUCMOS 
logic levels and the high voltage 
levels of EIA-232-D (ranging from ±3 to 
±25V). 


DRIVERS 
As defined by the specification, 
an EIA-232-D 


driver presents a voltage of between ±5 to 
+15V into a load of between 3 to 7kQ. A 
~gic one at the driver input results in a 
voltage of between -5 to -15V. A logic zero 
results in a voltage between ±5 to ± 15V. 
When operating at ±7 to ± 12V, the 
MC 145406 meets this requirement. 
When 


operating at ±5V, the MC 145406 drivers 
produce less than ±5V at the output (when 
terminated), 
which does not meet the 


EIA-232-D specification. 
However, the output 


voltages when using a ±5V power supply are 
high enough (around ±4V) to permit proper 
reception by an EIA-232-D receiver, and can 
be used in applications 
where strict 


compliance to EIA-232-D is not required. 


Another requirement 
of the MC 145406 


drivers is that they withstand a short to 
another driver in the EIA-232-D cable. 
The 


worst-case 
condition that is permitted by 


EIA-232-D is a ± 15V source that is current 
limited to 500mA. 
The MC145406 drivers 
can withstand this condition momentarily. 
In 
most short circuit conditions the source driver 
will have a series 300Q output impedance 
needed to satisfy the EIA-232-D driver 
requirements. 
This will reduce the short 
circuit current to under 40mA which is an 
acceptable 
level for the MC145406 to 


withstand. 


Unlike some other drivers, the MC 145406 
drivers feature an internally-limited 
output 
slew rate that does not exceed 30V/~s. 


RECEIVERS 
The job of an EIA-232-D 
receiver is to 


level-shift voltages in the range of -25 to 
+25V down to TIUCMOS 
logic levels (0 to 


+5V). A voltage of between -3 and -25V on 
RX, is defined as a mark and produces a 
logic one at DO,. 
A voltage between +3 and 
+25V is a space and produces a logic zero. 
While receiving these signals, the RX inputs 
must present a resistance 
between 3 and 
7kQ. 
Nominally, the input resistance of the 


RX"3 inputs is 5.0kQ. 


The input threshold of the RX'_3 inputs is 
typically biased at 1.8V above ground (GND) 
with typically 800mV of hysteresis included to 
improve noise immunity. 
The 1.8V bias 
forces the appropriate 
DO pin to a logic one 
when its RX input is open or grounded as 
called for in EIA-232-D specification. 
Notice 


that TTL logic levels can be applied to the RX 
inputs in lieu of normal EIA-232-D signal 
levels. 
This might be helpful in situations 
where access to the modem or computer 
through the EIA-232-D connector is 
necessary with TTL devices. 
However, it is 


important not to connect the EIA-232-D 
outputs (TX,) to TIL 
inputs since TIL 
operates off +5V only, and may be damaged 
by the high output voltage of the MC145406. 


The DO outputs are to be connected 
to a TIL 
or CMOS input (such as an input to a modem 
chip). 
These outputs will swing from Vcc to 
ground, allowing the designer to operate the 
DO and Dl pins from the digital power supply. 
The TX and RX sections are independently 
powered by Voo and Vss so that one may run 
logic at +5V and the EIA-232-D 
signals at 


±12V. 


DESCRIPTION 
The NE5170 is an octal line driver which is 
designed for digital communications 
with data 
rates up to 100kb/s. This device meets all the 
requirements 
of EIA standards 
RS-232C/RS-423A 
and CCITT 


recommendations 
V.10/X.26. Three 
programmable 
features: 


(1) output slew rate, (2) output voltage level, 
and (3) three-state control (high-impedance) 
are provided so that output characteristics 
may be modified to meet the requirements 
of 


specific applications. 


FEATURES 


• Meets EIA RS-232C/423A 
and CCITT 


V.10/X.26 


• Simple slew rate programming 
with a single 
external resistor 


• 0.1 to 10V/J.1sslew rate range 


• High/low programmable 
voltage output 


modes 


• TTL compatible 
inputs 


APPLICATIONS 


• High-speed 
modems 


• High-speed parallel communications 


• Computer 
I/O ports 


• Logic level translation 


OUTPUT VOLTAGE (V) 


'EWiBTI 
Logic 
RS-423A' 
RS-232C 


Input 
Low Output 
Mode' 
High Output 
Mode3 


L 
L 
5 to 6V 
5to 6V 
> 9V 


L 
H 
-5 to 6V 
-5 to 6V 
<-9V 


H 
X 
High-Z 
High-Z 
High-Z 


NOTES: 
1. Vcc = +10Vand 
VEE = -10V; 
RL = 3kQ 
2. 
Vcc = +12Vand 
VEE =-12V; 
RL = 3kQ 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


2B-Pin Plastic DIP 
o to +70oC 
NE5170N 


2B-Pin PLCC 
o to +70oC 
NE5170A 


A Package 


AI AO 
NCHO 
HI 
GI 


3 
2 
, 


BO 
Co 


CI 


01 
DO 


'EI'lJ<:BIT 
1 


VEE 
' 


He 


HI 


Gt 
Go 


FO 
fJ 


EI 


EO 
vcc 


,MODE 


GND 


-MODE 


NC 


NC 


Go 


FO 


FI 


EI 


, 
EO 


VCC 


+MODE 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vee 
Supply voltage and + MODE 
15 
V 


VEE 
Supply voltage and - MODE 
-15 
V 


lOUT 
Output current' 
±150 
mA 


V,N 
Input voltage (Ena5le, 
Data) 
-1.5 to +7 
V 


VOUT 
Output voltage2 
±15 
V 


Minimum slew resistor' 
1 
kQ 


Po 
Power dissipation 
1200 
mW 


NOTES: 
1. 
Maximum current per driver. Do not exceed maximum power dissipation if more than one output is on. 
2. 
High impedance 
mode. 
3. 
Minimum value of the resistor used to set the slew rate. 


DC ELECTRICAL 
CHARACTERISTICS 


Vee = 10V ±10%; VEE= -10V 
±10%; ±MODES = OV; RSL= 2kQ, O°C:> TA:> 70°C, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Max 
UNIT 


V,N= 0.8V 
5 
6 
VOH 
Output high voltage 
RL = 3kQ2 
V 


RL=450Q2 
4.5 
6 


RL = 3kQ3, CL = 2500pF 
Vec-3 


V,N= 2.OV 
--s 
-5 
VOL 
Output low voltage 
RL = 3kQ2 
V 


RL = 450Q2 
--s 
-4.5 


RL = 3kQ3, CL = 2500pF 
VEE+3 


Vou 
Output unbalance voltage 
Vee ~ IVEEI, RL ~ 450Q2 
0.4 
V 


leEx 
Output leakage current 
IVai = 6V, ENABLE = 2V or Vee = VEE= OV 
-100 
100 
jlA 


V,H 
Input high voltage 
2.0 
V 


V'L 
Input low voltage 
0.8 
V 


I'L 
Logic "0" input current 
V,N= O.4V 
-400 
0 
jlA 


I'H 
Logic"l" 
input current 
V,N = 2.4V 
0 
40 
jlA 


los 
Output short circuit current' 
Va = OV 
-150 
150 
mA 


VeL 
Input clamp voltage 
I'N=-15mA 
-1.5 
V 


Ice 
Supply current 
NO LOAD 
35 
mA 


lEE 
NO LOAD 
-45 
mA 


NOTES: 
1. 
Maximum current per driver. Do not exceed maximum power dissipation i( more than one output is on. 
2. 
VOH, VOL at RL = 450Q will be? 
90% of VOH,VOL at RL =~. 
3. 
High Output Mode; +MODE pin = Vee; -MODE 
pin = VEE; 9V:$ Vee:$ 13V; -9V? 
VEE?-13V. 


AC ELECTRICAL CHARACTERISTICS 
vcc = +10V; VEE= -10V; 
Mode = GND, O°C s TA" lO°C 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Max 
UNIT 


RL= 450, CL = 50pF 
tpHZ 
Propagation 
delay output high to high impedance 
or 
5 
fls 


RL= 3k, CL = 2500pF 


RL= 450, CL = 50pF 
tpLZ 
Propagation 
delay output low to high impedance 
or 
5 
fls 


RL= 3k, CL = 2500pF 


RSL= 200k 


tpZH 
Propagation 
delay high impedance to high output 
RL= 450, CL = 50pF 
150 
fls 
or 
RL= 3k, CL = 2500pF 


RSL= 200k 


tpZL 
Propagation 
delay high impedance to low output 
RL= 450, CL = 50pF 
150 
fls 
or 
RL= 3k, CL = 2500pF 


RSL= 2k 
8 
12 


SR 
Output slew rate' 
RSL= 20k 
0.8 
1.2 
V/flS 


RSL= 200k 
0.06 
0.14 


NOTE: 
SR: Load condition. 
(A) For RSL < 4kQ use RL = 450Q; CL = 50pF; (B) for RSL> 4kQ use either RL = 450Q, CL = 50pF or RL = 3kQ, 


CL = 2500pF. 


Vcc 


Elil 
"ENJIllU" 


VOUT 
OUTPUT 


VIN 
DIN 
-MODEOND+MODEVEE 
RSL 
cL 


RSL 
-= 
-= 
-= 
-10V 


3V~ 
r- 
: 
1\-----If 


I 
I 


I 
I 
I W I 
1-* 


1 


3V~. 
r- 
:--~ 


VOH~_~_'V 
WI 


VOUT--t I'--t-i-I - 


VOZ 
1 
I 
1 
I 
I 
1 I 


1 
I 
1 
I 


~ 
I+- 'PZH 
~ 
I+- 'pHZ 


1 


VOUT 
1 


VOL---+-1 
I 
I 


-+j 
~ 
'PZL 


NOTES, 
1. See 
AC electrical 
characteristics 
table 
lor values 
01 RSl• AL and 
Cl' 
2. 
V1N pulse: Frequency. 
1kHz, duty cycle. 
50%, louT. son, t, _ t, S lOns. 


SLEW RATE PROGRAMMING 
Slew rate for the NE5170 is set using a single 
external resistor connected 
between the RSL 
pin and ground. Adjustment 
is made 
according to the formula: 


where the slew rate is in V/~s. The slew 
resistor can vary between 2 and 200kn which 
gives a slew rate range of 10 to O.1V/~s. 
This 
adjustment of the slew rate allows tailoring 
output characteristics 
to recommendations 
for 


cable length and data rate found in EIA 


r-----------, 
I 
I 
III 
I 
I 
I 
III 
I 
I 
II 
VEE 
L. 
_ 


"MODE 
PINS 
CONNECTED 
FOR 
PROPER 
OUTPUT 
LEVEl 


standard RS-423A. 
Approximations 
for cable 
length and data rate are given by: 


Max. data rate (in kb/s) = 300/t 


Cable length (in feet) = 100xt 


where t is the rise time in microseconds. 
The 


absolute maximum data rate is 100kb/s and 
the absolute maximum cable length is 4000 
feet. 


OUTPUT MODE PROGRAMMING 
The NE5170 has two programmable 
output 
modes which provide different output voltage 


+vu 
-v 


levels. The low output mode meets the 
specifications 
of EIA standards RS-423A 
and 
RS-232C. 
The high output mode meets the 


specifications 
of RS-232C 
only, since higher 
output voltages result from programming 
this 
mode. The high output mode provides the 
greater output voltages where higher 
attenuation 
levels must be tolerated. 


Programming 
the high output mode is 


accomplished 
by connecting 
the .MODE 
pin 
to Vcc and the -MODE 
pin to VEE. The low 


output mode results when both of these pins 
are connected to ground. 
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Figure 10. Typical Output Low Voltage 
vs Temperature 
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DESCRIPTION 
The NE5180 and NE5181 are octal line 
receivers designed to interface data terminal 
equipment with data communications 
equipment. These devices meet the 
requirements 
of EIA standards 
RS-232C, 
RS-423A, RS-422A, and CCITT V1 0, V11, 
V28, X.26 and X.27. The NE5180 is intended 
for use where the data transmission 
rate is up 


to 200 kb/s. The NE5181 covers the entire 
range of data rates up to 10 Mb/s. The 
difference in data rates for the two devices 
results from the input filtering of the NE5180. 
These devices also provide a failsafe feature 
which protects against certain input fault 
conditions. 


FEATURES 


• Meets EIA RS-232C/423A1422A 
and 


CCITT V10, V.11, V.28 


• Single +5V supply- 
TTL compatible 


outputs 


• Differential inputs withstand ±25V 


• Failsafe feature 


• Input noise filter (NE5180 only) 


• Internal hysteresis 


• Available in SMD PLCC 


APPLICATIONS 


• High-speed 
modems 


• High-speed parallel communications 


• Computer 
I/O ports 


• Logic level translation 


INPUT 
FAILSAFE 
LOGIC 


INPUT 
OUTPUT 


V10< 200mV' 
X 
H 


V10 < -200mV' 
X 
L 


Both inputs open or grounded 
OV 
L 


Vcc 
H 


NOTE: 
1. V10 is defined as the non-inverting 
terminal input voltage minus the inverting terminal input 


voltage. 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


28-Pin Plastic DIP 
o to +70oC 
NE5180N 


28-Pin Plastic DIP 
o to +70oC 
NE5181N 


28-Pin PLCC 
o to +70oC 
NE5180A 


28-Pin PLCC 
o to +70oC 
NE5181A 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Po 
Power dissipation 
800 
mW 


Vcc 
Supply voltage 
7 
V 


VCM 
Common mode range 
±15 
V 


V10 
Differential input voltage 
±25 
V 


ISINK 
Outputs ink current 
50 
mV 


VFS 
Failsafe voltage 
--{).3 to Vcc 
V 


Jos 
Output short-circuit 
time 
1 
see 


PIN CONFIGURATION 


N Package 


vcc 


A+ 
Ho 


Ao 
H+ 


B- 
H- 


8+ 
Go 


BO 
G+ 


FS, 
G- 


c- 
F~ 


c+ 
FO 


F+ 


F- 


0+ 
Ee 


Do 
E+ 


GND 
E- 


TOP VIEW 


A Package 


A+ 


B+ 
H- 


BO 
Go 


G+ 


G- 


c+ 
, 
FS2 


Fo 


F+ 


0+ 
Do GND E- 
E+ Eo 
F- 


TOP VIEW 


VOUT 
FS.VCC 
FS.GND 


DC ELECTRICAL 
CHARACTERISTICS 


vee = +5V ±5%, O°C " TA" +70°C, input common-mode 
range ±7V 


NE5180 
NE5181 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Max 
Mln 
Max 
UNIT 


RIN 
DC input resistance 
3V < IV1NI< 25V 
3 
7 
3 
7 
kQ 


VOFS 
Failsafe output voltage 
Inputs open or 
o " lOUT" 8mA, Vlailsale= OV 
0.45 
0.45 
V 
shorted to GND 


0" 
lOUT" -400!iA, 
Vfailsale= Vce 
2.7 
2.7 


Vth 


Differential input high4 
VOUT2.2.7V, 
Rs=O' 
0.2 
0.2 
V 
threshold 
lOUT= -440flA 


Rs = 500' 
0.4 
0.4 


VII 
Differential input low" 
VOUT" Oo45V, 
RS=Ol 
--{).2 
--0.2 
V 
threshold 
lOUT= 8mA 


Rs = 500' 
--004 
--0.4 


VH 
Hysteresis4 
FS = OV or Vee (See Figure 1 ) 
50 
140 
50 
140 
mV 


Viae 
Open-circuit 
input voltage 
2 
2 
V 


CI 
Input capacitance 
30 
30 
pF 


VOH 
High level output voltage 
V10= lV, lOUT= -440flA 
2.7 
2.7 
V 


VOL 
Low level output voltage 
V1D=-lV 
I IOUT=4mA2 
0.4 
0.4 
V 


I lour=8mA2 
0.45 
0.45 


los 
Short-circuit 
output current 
V10= lV, Note 3 
20 
100 
20 
100 
mA 


Ice 
Supply current 
4.75V" 
Vec,,5.25V, 
VIO= -lV; 
FS = OV 
100 
100 
mA 


IIN 
Input current 
Other inputs grounded 
I V1N=+10V 
3.25 
3.25 
mA 


I V1N=-10V 
-3.25 
-3.25 


NOTES: 
1. 
Rs is a resistor in series with each input. 


2. 
Measured after lOOms warm-up (at OOC). 
3. 
Only 1 output may be shorted at a time and then only for a maximum of 1 second. 
4. 
See Figure 1 for threshold and hysteresis definitions. 


AC ELECTRICAL 
CHARACTERISTICS 


Vee = +5V ±5%, O°C" 
TA" 
+70°C 


NE5180 
NE5181 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Max 
Mln 
Max 
UNIT 


tpLH 
Propagation 
delay-low 
to high 
CL=50pF, 
Vlo=+lV 
500 
100 
ns 


tpHL 
Propagation 
delay-high 
to low 
CL = 50pF, V10= +lV 
500 
100 
ns 


fa 
Acceptable 
input frequency 
Unused input grounded, VIO= +200mV' 
0.1 
5.0 
MHz 


f, 
Rejectable input frequency 
Unused input grounded, V10= +500mV 
5.5 
NA 
MHz 


NOTE: 
1. Vlo=±lVforNE5181. 


FAILSAFE 
OPERATION 


These devices provide a failsafe operating 
mode to guard against input fault conditions 
as defined in RS-422A and RS-423A 
standards. These fault conditions are (1) 


driver in power-off condition, (2) receiver not 
interconnected 
with driver, (3) open-circuited 


interconnecting 
cable, and (4) short-circuited 


interconnecting 
cable. If one of these four 


fault conditions occurs at the inputs of a 


+vu 
-v 


+lVn 
-lV 


receiver, then the output of that receiver is 
driven to a known logic level. The receiver is 
programmed 
by connecting 
the failsafe input 
to Vcc or ground. A connection 
to 


Vcc provides a logic "1" output under fault 
conditions, while a connection 
to ground 


provides a logic "0". There are two failsafe 
pins (FS1 and Fs2) on the NE5180 or 
NE5181 where each provides common 
failsafe control for four receivers. 


RS-232 
FAILSAFING 


The internal failsafe circuitry works by 
providing a small input offset voltage which 
can be polarity-switched 
by using the 
failsafe control pins. This offset is kept small 
(approximately 
80mV) to avoid degradation 
of the ±200mV 
input threshold for RS-423 
or RS-422 operation. 
If the positive and 
negative inputs to any receiver are both 
shorted to ground or open circuited, the 
internal offset drives that output to the 
programmed 
failsafe state. If only one input 
open circuits (as may be the case for 
RS-232 operation), 
that input will rise to the 
"input open circuit voltage" (approximately 
700mV). Since this is much greater than the 
200m V threshold, the output will be driven 
to a state that is independent 
of the failsafe 
program'11ing. Failsafe programming 
can be 
achieved for non-inverting 
single-ended 


applications 
by raising or lowering the 
unused input bias voltage as shown in 
Figure 2. For VarAs'" 1.4, an open (or 
grounded) 
INPUT line will be approximately 


700mV (OV) and the output will failsafe low. 
If the resistor divider is not used and ValAs 
is connected to ground, the output will 
failsafe high due to the internal failsafe 
offset for the INPUT grounded and the 
700mV "open circuit input voltage" for the 
INPUT open circuited. Similar operation 
holds for an inverting configuration, 
with 
ValAs applied to the positive input and VFS = 
ground. 


INPUT 
FILTERING 
(NE5180) 


The NE5180 has input filtering for additional 
noise rejection. This filtering is a function of 
both signal level and frequency. For the 
specified input (5.5MHz at ±500mV) 
the 
input stage filter attenuates 
the signal such 
that the output stage threshold levels are 
not exceeded and no change of state 
occurs at the output. As the signal 
amplitude decreases 
(increases) the 
rejected frequency decreases 
(increases). 


NOTE: 
Two silicon diodes may be used in place of R2. 


Figure 2. Single-Input 
Failsafe Programming 
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Figure 6. Typical Supply Current vs 
Supply Voltage 


'This graph applies for all receiver inputs, 
provided that the opposite polarity input of 
the amplifier being measured is grounded. 


Figure 9. Input Current vs Input 
Applied Voltage' 
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Figure 7. Typical High Level Output 
Voltage vs Output Current 
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Figure 12. NE5180: Propagation 
Delay 
at Various Input Amplitudes 
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Figure 8. Typical Low Level Output 
Voltage vs Output Current 
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Figure 11. Typical FS Input Current vs 


FS Applied Voltage 
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Figure 13. NE5180: Propagation 
Delay 
at Various Input Amplitude 


DESCRIPTION 
The AM26LS31 
is a quad differential line 
driver, designed for digital data transmission 
over balanced lines. The AM26LS31 
meets 
all the requirements 
of EIA standard RS-422 
and Federal standard 1020. It is designed to 
provide unipolar differential drive to 
twisted-pair 
or parallel-wire 
transmission 
lines. The circuit provides an enable and 
disable function common to all four drivers. 
The AM26LS31 
features 3-State outputs and 
logical ORed complementary 
enable inputs. 
The inputs are all LS compatible 
and are all 


one unit load. 


The AM26LS31 
is constructed 
using 
advanced Low Power Schottky processing. 


FEATURES 


• Output skew of 2.0ns typical 


• Input to output delay: 12ns 


• Operation from single +SV 


• 16-pin DIP and SO packages 


• Four line drivers in one package 


• Output short-circuit 
protection 


• Complementary 
outputs 


• Meets EIA standard RS-422 


• High output drive capability for 100n 
terminated transmission 
lines 


• Available in military and commercial 


temperature 
range 


• Advanced low power Schottky processing 


• Outputs won't load line when 


Vcc = OV 


• Data communications 
equipment 


• Computer peripherals 


• Workstations 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic DIP 
O°C to +70°C 
AM26LS31CN 


16-Pin SO 
O°C to +70°C 
AM26LS31CD 


16-Pin Plastic DIP 
-40°C 
to +85°C 
AM26LS31IN 


16-Pin SO 
-40°C 
to +85°C 
AM26LS311D 


16-Pin Plastic DIP 
-55°C 
to +125°C 
AM26LS31MN 


INPUT 
A 
1 


OUTPUT 
A 
2 


OUTPUT)!; 
3 


ENABLE 
G 
4 


OUTPUTB 
5 


OUTPUT 
B 
6 


INPUT 
B 
7 


GROUND 
8 


INPUT 
ENABLES 
OUTPUTS 


A 
G 
G 
A 
.,. 


H 
H 
X 
H 
L 


L 
H 
X 
L 
H 


H 
X 
L 
H 
L 


L 
X 
L 
L 
H 


X 
L 
H 
Z 
Z 


NOTES: 
H = High level 
L = Low level 
X = Irrelevant 
Z = High-impedance 
(OFF) 


DC AND AC ELECTRICAL CHARACTERISTICS 
vcc = 5V ±10%, TA = -55 to +125°C for AM26LS31MF 
and AM26LS31 MN; Vcc= 
5V ±5%, TA= -40 to +85°C for AM26LS311N and 
AM26LS31ID; 
Vcc = 5V ±5%, TA = 0 to +70°C for AM26LS31CN 
and AM26LS31 CD, unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ' 
Max 
UNIT 


VOH 
Output High voltage 
Vcc= 
Min., 
2.5 
3.0 
V 
IOH=-20mA 


VOL 
Output Low voltage 
Vcc= 
Min., 
10L= 20mA 
0.3 
0.5 
V 


VIH 
Input High voltage 
Vcc = Min. 
2.0 
V 


VIL 
Input Low voltage 
Vcc = Max. 
0.8 
V 


IlL 
Input Low current 
Vcc = Max., 
V1N= OAV 
-0.26 
-0.36 
mA 


IIH 
Input High current 
Vcc= 
Max., 


VIN= 2.7V 
0.001 
20 
J.!A 


II 
Input reverse current 
Vcc= 
Max., 


V1N= 7.0V 
0.001 
0.1 
mA 


OFF-state (high-impedance) 
Vce= 
Max., 


10 
output current 
Vo=5.5V 
0.6 
20 
J.!A 


Vo=0.5V 
-0.050 
-20 
J.!A 


VI 
Input clamp voltage 
Vce= 
Min., 


IIN=-18mA 
-0.8 
-1.5 
V 


Isc 
Output short-circuit current 
Vcc = Max. 
-30 
-150 
mA 


Icc 
Power supply current 
Vcc = Max; all outputs disabled 
40 
80 
mA 


tpLH 
Input to output 
TA = 25°C, load2 
9 
20 
ns 


tpHL 
Input to output 
TA = 25°C, load2 
9 
20 
ns 


SKEW 
Output to output 
TA = 25°C, load2 
2 
6 
ns 


ILz 
Enable to output 
TA = 25°C, CL = 10pF 
17 
35 
ns 


1Hz 
Enable to output 
TA = 25°C, CL = 10pF 
12 
30 
ns 


tZL 
Enable to output 
TA = 25°C, load2 
14 
45 
ns 


tZH 
Enable to output 
TA = 25°C, load2 
12 
40 
ns 


NOTES: 
1. All typical values are TA = +25°C; Vcc = 5.0V. 
2. 
CL = 30pF; VIN = 1.3V to Your = 1.3V; VPULSE= OV to 3.0V. 


(SEE 
NOTE 
2) 


OUTPUT 
A 


VERTICAL 
FEEDBACK 


rJ~22S78A) 
H 


"7"F 


100 
1.2 


--= 
'=" 


NOTES: 


,. 
All pauses 
are supplied 
by generators 
having 
the following 
characteristics: 
PRR 
s 1MHz. ZoUT. SOW, 1A S 1505, 
IF S 60S 


2. 
When 
measuring 
propagation 
delay 
times 
and skew, 
switches 
$1 and $2 are open. 


3. 
Each 
enable 
is tested 
separately. 


4. 
Waveform 
1 is for an output 
with 
internal 
condition 
such 
that the output 
Is low except 
when 
disabled 
by the output 
control. 


Waveform 
21s for an output 
with 
internal 
condition 
such 
that the output 
is high 
except 
when 
disabled 
by the output 
control. 


5. 
CL indudes 
probe 
and jig coapadtanc:e. 
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Data Input Voltage 
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DESCRIPTION 
The AM26LS32 
and AM26LS33 
are quad line 
receivers designed to meet all of the 
requirements 
of RS-422 and RS-423 and 


Federal Standards 
1020 and 1030 for 


balanced and unbalanced 
digital data 
transmission. 


The AM26LS32 
features an input sensitivity 
of ±200mV over the common mode input 
range of ±7V. 


The AM26LS33 
features an input sensitivity 
of ±500mV over the common mode input 
voltage range of ±15V. 


The AM26LS32 
and AM26LS33 
provide an 


enable and disable function common to all 
four receivers. Both parts feature 3-State 
outputs with 8mA sink capability and 
incorporate a fail-safe input-output 
relationship which forces the outputs high 
when the inputs are open. 


• Input voltage range of 15V (differential or 
common mode) on AM26LS33; 
7V 


(differential or common mode) on 
AM26LS32 


• ±0.2V sensitivity over the input voltage 
range on AM26LS32 


• ±0.5V sensitivity on AM26LS33 


• 6k.Q minimum input impedance 


• The AM26LS32 
meets all the requirements 
of RS-422 and RS-423 


• Operation from single +5V supply 


• Fail safe input-output relationship. 
Output 


always high when inputs are open 


• 3-State drive, with choice of 


complementary 
output enables, for 
receiving directly onto a data bus 


• 3-State outputs disabled during power up 


and power down 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic DIP 
O°C to +70°C 
AM26LS32CN 


16-Pin SO 
O°C to +70°C 
AM26LS32CD 


16-Pin Plastic DIP 
-40°C 
to +85°C 
AM26LS321N 


16-Pin SO 
-40°C to +85°C 
AM26LS321D 


16-Pin Plastic DIP 
-55°C 
to +125°C 
AM26LS32MN 


16-Pin Plastic DIP 
O°C to +70°C 
AM26LS33CN 


16-Pin SO 
O°C to +70°C 
AM26LS33CD 


16-Pin Plastic DIP 
-40°C 
to +85°C 
AM26LS331N 


16-Pin SO 
-40°C 
to +85°C 
AM26LS331D 


16-Pin Plastic DIP 
-55°C 
to +125°C 
AM26LS33MN 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Power supply 
7 
V 


V1N 
Power supply 
7 
V 


Output sink current 
50 
mA 


Common mode range 
±25 
V 


VTH 
Differential input voltage 
+25 
V 


TSTG 
Storage temperature 
range 
~5to+150 
°C 


DERATING 
ABOVE 
PACKAGE 
POWER DISSIPATION 
FACTOR 
TA 


F 
1,524mW 
12.19mW/oC 
25°C 


N 
l,275mW 
10.2mWrC 
25°C 


D 
1,262W 
10.lmWrC 
25°C 


INPUTA 
1 
vcc 


INPUTA 
2 
INPUTB 


OUTPUTA 
3 
INPUTB 


ENABLE 4 
OUTPUTB 


OUTPUTC 
5 
ERJm[E 


OUTPUTD 


INPUTC 
7 
INPUTD 


AM26LS321 
AM26LS33 


DC AND AC ELECTRICAL CHARACTERISTICS 
vcc = 5.0V ±1 0% for AM26LS32133MX, 
Vcc = 5.0V ±5% for AM26LS32133CX and AM26LS32/331X over operating temperature 
range unless 
otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AM26lS32/33 
UNIT 


Min 
Typ' 
Max 


VTH 
Differential input voltage 
VOUT= VOLor VOH 
--{).2 
0.06 
0.2 
V 


AM26lS32, 
-7V S VCMS +7V 


AM26lS33, 
-15V S VCMS +15V 
--{).5 
0.06 
0.5 
V 


RIN 
Input resistance 
-15VsVCMS+15V 
6.0 
9.8 
kQ 
(One input AC ground) 


IIN 
Input current 
V1N=+15V 
2.3 
mA 


(u nder test) 
Other input-10V 
S V1NS +15V 


IIN 
Input current 
V1N=-15V 
-2.8 
mA 
(under test) 
Other input +10V S V1Ns-15V 


VOH 
Output HIGH voltage 
Vcc = Min., 10H= -440flA 
Com'l 
2.7 
3.4 
V 


t"vIN = +1.0V 
VENABLE= 0.8V 


Mil 
2.5 
3.4 
V 


VOL 
Output lOW 
voltage 
Vcc = Min., 
10L= 4.0mA 
0.3 
0.4 
V 


VENABLE= 0.8V 


t.vIN = +1.0V 


10L= 8.0mA 
0.45 
V 


VIL 
Enable lOW 
voltage 
0.8 
V 


VIH 
Enable HIGH voltage 
2.0 
V 


VI 
Enable clamp voltage 
Vcc = Min., IIN= -18mA 
-1.5 
V 


10 
Off state (high impedance) 
Vcc = Max. 
Vo = 2.4V 
20 
flA 
output current 


Vo = 0.4V 
-20 
flA 


AM26LS321 
AM26LS33 


DC AND AC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Vcc = 5.0V ± 10% for AM26LS32133MX, 
Vcc = 5.0V ±5% for AM26LS32133CX and AM26LS32/331X over operating temperature 
range unless 


otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
AM26LS32/33 
UNIT 


Min 
Typ' 
Max 


III 
Enable LOW current 
VIN = OAV 
-0.2 
-0.36 
mA 


IIH 
Enable HIGH current 
VIN = 2.7V 
0.5 
20 
).IA 


II 
Enable input HIGH current 
VIN = 5.5V 
1 
100 
).IA 


Isc 
Output short circuit current 
Vcc = Max., 
-15 
--<;0 
-85 
mA 


LlVIN= +1V, VOUT= OV 


Icc 
Power supply current 
Vcc = Max.; All VIN = GND outputs 
52 
70 
mA 
disabled 


VHYST 
Input hysteresis 
TA = 25°C, 
AM26LS32 
120 
mV 
Vcc = 5.0V, VCM= OV 


AM26LS33 
120 
mV 


lplH 
Input to output 
TA = 25°C, Vcc = 5.0V 
10 
25 
ns 
Cl = 15pF (see test condition) 


tpHl 
Input to output 
TA = 25°C, Vcc = 5.0V 
10 
25 
ns 
Cl = 15pF (see test ccndition) 


ILz 
Enable to output 
TA = 25°C, Vcc = 5.0V 
15 
30 
ns 
Cl = 5pF (see test condition) 


tHZ 
Enable to output 
TA = 25°C, Vcc = 5.0V 
12 
22 
ns 


Cl = 5pF (see test condition) 


tZl 
Enable to output 
TA = 25°C, Vcc = 5.0V 
8 
22 
ns 
CL = 15pF (see test ccndition) 


tZH 
Enable to output 
TA = 25°C, Vcc = 5.0V 
9 
22 
ns 


Cl = 15pF 


NOTE: 
1. All typical values are TA = 25°C, Vcc = 5.0V. 


DIFFERENTIAL 
ENABLES 
OUTPUT 
INPUT 
E 
E 


VID-" VTH 
H 
X 
H 


X 
L 
H 


VTLS VIDS VTH 
H 
X 
? 


X 
L 
? 


VIDS VTl 
X 
L 
L 
H 
X 
X 


X 
L 
H 
Z 


NOTES: 
H = High level, L = Low level, X = Irrelevant 
Z = High impedance 
(off), ? = Indeterminate 


E = Enable, E = E'i1a5Ie 


AM26LS321 
AM26LS33 


VCC 


S1~ 


All 
DIODES 
lN916 
OR 


lN3064 
CllNClUDES 


PROBE AND JIGI 
CAPACITANCE 


~----- 
•. _-- 
VOH 


OUTPUT 
-I 
\: 
- 
1.3V 
-==\----' I.- tPLH) 
~l 
VOL 
OPPOSITE 
+2.5V 


~~~G~--- 
----- 
---- 
OV 


TRANSITION 
~----~------ 
-2.5V 


NOTES: 
1. Diagram shown for Eiia5l'Ei 
Low. 


2. 
Enable 
is tested 
with Ena6l9 
High; Eia5Tii 
Is tested 
with 
Enable 
Low. 


3. 
S 1 and 82 of Load 
Circuit 
are closed 
except 
where 
shown. 


4. 
Pulse 
Generator 
for AU Pulses: 
Rate s 1.0MHz; Zo. son; Ir s 15ns; tf s S.Ons. 


DESCRIPTION 
The NE5050 is a modem for power line, 
coaxial cable, and twisted-pair 
communications. 
The modem incorporates 


features to overcome line impulse noise and 
line impedance 
modulation. 
The modem's 
transmitter incorporates 
a Colpitts oscillator, 
positive logic, carrier-on/-off 
switch, and a line 
driver. 
The receiver has an amplifier, a 
limiter, an amplitude detector, an amplitude 
modulation cancelling 
stage, an impulse filter, 


and an SR flip-flop. 
One NE5050 can be 
used to transmit and receive with Amplitude 
Shift Key (ASK) carrier-on/-off 
modulation. 
With two NE5050s, 
Frequency Shift Key 
(FSK) modulation can be implemented. 
The 
transmitter 
input and the receiver output 


accept TIL 
or CMOS serial data. 


• High receiver sensitivity - 
typo 1.5mVRMS 


• Receiver input overload protected for 


signals up to 70Vp_p 


• High data rates - 
300kbiVs ASK NRZ over 
twisted-pair 


• The modem reaches the Nyquist limit of 1 
bit per carrier cycle 


• Has listen-while-talking 
for carrier sense 
multiple access/collision 
detect (CSMNCD) 
networking capability 


• Increased noise immunity with balance 


interstage ports for bandpass filtering 


• Flexible oscillator can be made with LC 
tank (Colpitts), with crystal (Pierce), or 
accept external clock 


• Signals are processed in real-time making 


this modem suitable for repeater/carrier 
translation applications 


• Twisted-paircommunications 


• Coaxial cable communications 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Plastic 0 IP 
o to +70oC 
NE5050N 


20-Pin Plastic SOL 
o to +70oC 
NE5050D 


COETl 


COET2 
• 


CAM 
9 


CIMP '0 


LC 


CFO 


11 RXOUT 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vee 
Supply voltage 
18 
V 


VLOGIC 
Logic supply voltage 
18 
V 


TA 
Ambient temperature 
range 
o to +70 
°C 


TJ 
Junction temperature 
range 
-55 to +150 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


PDMAX 
Maximum power dissipation 1 
700 
mW 


NOTE: 
1. The power dissipation 
is based on Vee; 
12V, TJ; 
+150°C, TXOFF: Ice; 
20mA, TXON: Ice; 
50mA, 9JA; 61°CfW 20-pin plastic package. 


DC ELECTRICAL CHARACTERISTICS 
TA; 
+25°C, Vee; 
12V, F carrier; 
120kHz, data; 
NRZ, 50% duty cycle unless otherwise specified. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Min 
Typ 
Max 
UNIT 


Vee 
Supply voltage 
10 
12 
16 
V 


Ice 
Supply current 
TXOFF 
5 
8 
11 
mA 


Ice 
Supply current 
TXON1 
18 
24 
30 
mA 


VLOGIC 
Logic voltage 
5 
16 
V 


PD 
Power dissipation 
RXOFF,TXOFF 
100 
220 
mW 


RXON, TXON, lOOn load 
300 
660 
mW 


VIHMIN 
TXTIL 
input 
TXON, Pin 19 
2.4 
V 


VILMAX 
TX TIL 
input 
TXOFF, Pin 19 
0.8 
V 


VOLMAX 
RX open-collector 
output 
IOL; 5mA, Pin 11 
0.4 
V 


IOLMAX 
RX open-collector 
output 
Pin 11 
5 
mA 


TX data rate2 
fexR ; 120kHz, 500kHz 
DC 
1k 
300k 
biVs 


RX data rate2 
fexR ; 120kHz, 500kHz 
0.1 
1k 
300k 
biVs 


Carrier cycles per bit, TX and RX2 
1 
cycle 


Broadband 
I/O ports, 
carrier 


RX input sensitivity 
1:1 input transformer 
3.5 
1.5 
mVRMS 


RX input signal level 
Vee ±35V ; -25V, +51 V 
70 
Vp.p 


RX input impedance 
Pin 20 
9 
kQ 


RX line impedance 
modulation rejection 
120HzAM 2V120mV, 1kbiVs 
40 
dB 


RX carrier frequency2 
0.1 
120 
500 
kHz 


RX detector differential input impedance 
Pin 4, Pin 5, each 
27 
kQ 


PSRR 
RX power supply rejection ratio 
60Hz and 120Hz 
80 
dB 


Broadband 
port impedance 
RXOFFand TXOFF 
7.3 
kQ 


TX output signal level 
TXON, 1con load 
8 
Vp.p 


TX driver output impedance 
TXOFF 
40 
kQ 


TX driver output impedance 
TXON 
1.2 
n 


TX amplitude temperature 
drift 
External oscillator 
+140 
ppml°C 


TX amplitude temperature 
drift 
LC oscillator 
+0.23 
o/c/oe 


TX output current capability 
TXON, Pins 15, 17 
40 
mA peak 


TX output THD (total harmonic distortion) 
TXON, LC oscillator 
1 
2 
% 


TX line drive amplifier BW 
At 6dB gain 
500 
kHz 


TX carrier frequency2 
DC 
120 
500 
kHz 


TX oscillator temperature 
drift 
Temperature range 
+60 
ppml"C 


TX oscillator initial frequency accuracy 
Sam LC tank 
±1 
% 


TX carrier feedthrough 
(leakage) 
TXOFF 
-90 
dBmO 


ABBREVIATIONS: 
TX = transmitter 
RX = receiver 
NOTES: 
1. TX looped back to RX, data = 1kbiVs TTL, NRZ, 50% duty cycle ASK. 
2. 
The NE5050 modem reaches the theoretical 
maximum data density for a given (fixed) carrier frequency. 
This limit is set by the maximum 


data bandwidth 
required before intersymbol 
interference 
occurs. 
The minimum specified limits are not tested in production. 
They are 
guaranteed 
by design. 


PIN FUNCTION 
DESCRIPTION 


Pin 1: +VCC 
For de-coupling 
Vcc to ground a 0.1JlF 


capacitor must be placed close to Pin 1 and 
Pin 18. 


Pin 2: CHPF 
High-pass filter, rejects 60Hz and its 
harmonics, 
rejects low frequencies, 
directing 
them to ground. 
Capacitor to ground: CHPF= 


10nF for fCXA= 120kHz and CHPF= 4.7nF for 
fCXA= 300kHz. 
The input amplifier provides 
a high-pass function: a +20dB/decade 
frequency 
response, with a DC attenuation 
of 


-50dB. 
A frequency of 100kHz is amplified 


by +24dB. 
The -3dB 
point of this high-pass 
filter is given by the equation: 


109/CHPF (F) = '-3dB (Hz) 


Pin 3: OUT1 
RX amplifier differential 
(+) output. 
Low 
impedance output. 
See Pin 6. Pin 3 can be 
connected to Pin 4 directly. 
A differential, 


bandpass filter can be connected 
from Pins 


3, 6 to Pins 4, 5. If LC values are used, they 
are the same as the oscillator LC values (see 
Pins 13 and 14). The BW_3dBis controlled by 
the series resistors R, and Rz. An external 
active filter providing gain can improve the 
RX sensitivity and filter out CW interference. 


Pin 4, Pin 5: IN1, IN2 
AM detector (±) inputs. 
High-impedance 
inputs = 27kQ each. 
The require DC bias 
voltage from Pins 3 and 6 or around 4.5V. 
Pin 3 can be connected 
to Pin 4 directly. 
Pin 


6 can be connected 
to Pin 5 directly. 
A 


differential bandpass filter can be connected 
from Pins 3, 6 to Pins 4, 5. If LC values are 
used, they are the same as the oscillator 
LC 


values (see Pins 13 and 14). The BW-3dB is 
controlled by series resistors. 
An external 


active filter providing gain can improve the 
RX sensitivity and filter out CW interference. 


Pin 6: OUT2 
RX amplifier differential 
(-) output. 
Low 
impedance 
output. 
See Pin 3. Pin 6 can be 
connected to Pin 5 directly. 


PIn 7, Pin 
8: CDET 
Amplitude detector (±) output capacitor 
between Pins 7 and 8. tDETis the time it 
takes for CDETto charge from OmV to 50mV, 


where 50mV is the detection threshold. 
The 


detector delay time, tDET,affects the 
receiver's jitter. 
tDETis a term in a sum of 
delays, the sum being the total receiver delay, 
to. See below in 'Receiver Delays' the 
relation between to and the maximum bit 
rate. The COETcapacitor value is given by: 


COET(F) = tDET(sec)/105 


Pin 9: CAM 
Line impedance modulation 
rejection 


capacitor. 
A 0.1JlF capacitor to ground 
provides about4s 
of delay for the transition 


from receive data to standby. 
The CAMvalue 


is determined 
in function of the bit string or in 


the preamble. 
It is a measure of the 


"readiness" of the receiver to switch from the 
"standby" mode to the "receive data mode" 
with no loss of leading bits. A low CAMvalue 
will make the modem react faster (shorter 
delays) in both transition directions: from 
"standby" to "receive data" (incoming or 
departing messages) and from "receive data" 
to "standby" (absence of data traffic). 
Its 
value should be 


Pin 10: CIMP 
Impulse noise rejection cpacitor. 
Atl 
kbiVs a 


10nF capacitor to ground provides 350Jls of 
delay and impulse rejection. 
This capacitor 


determines 
the receiver impulse noise 


immunity (transmission 
channel with 
non-Gaussian 
noise). 
tlMPis the time it takes 


to ramp up or down the CIMPvoltage (the 
beginning of the ramp is delayed by tOET). 
The shortest bit should last longer than the 
widest impulse. 
tlMPis a term in a sum of 
delays, the sum being the total receiver delay, 
tD. See 'Receiver Delays' for the relation 
between to and the maximum bit rate. The 
C1MPcapacitor value is determined 
by the 


equation: 


C1MP(F) = tlMP(s)/85kQ 


The following equation determines tIMP: 


Maximum rejected or expected impulse noise 
width (s) < tlMP(s) 


Pin 11: RX Data Output 
Open-collector 
RX output. 
RX data output. 


IOlMAX= 5mA = VLOG1c!RpUll-UP 


Pin 12: CFO 
Oscillator feedback input. 
CFO= 27to 51pF 


capacitor between Pins 12 and 13. CF' = 
capacitor between Pins 12 and GND. 
If the 


on-chip oscillator is used, CF' may be 
omitted. 
If external oscillations 
are injected at 
Pin 13, CFOmust be removed and CF' must 
be connected 
to GND. 
Grounding 
Pin 12 
disables the oscillator. 


Pin 13: Oscillator 
I/O 


Colpitts LC oscillator tank, Pierce crystal 
oscillator, or external oscillator input. 


On-chip 
LC oscillator 
- 
oscillator output. 


External oscillator tank present. 
Parallel LC 
components 
attached between Pins 13 and 
14. CFOattached between Pin 12 and Pin 13. 
A resistor between Pins 13 and 14 can 
decrease the oscillation amplitude to the 
desired level. Amplitudes 
above 2V peak 


may have THD > 2%. 
CF' is not used. 
The 


amplitude varies with temperature; 
thermistor 
compensation 
recommended 
at Pin 16. 


On-chip 
crystal 
oscillator 
- 
oscillator 
output. 
Two external capacitors 
in series, C'3 


and C'4. 
C'3 is connected 
to Pin 13 and C'4 


is connected to Pin 14. The external crystal 
is attached between Pin 13 and the 
connection 
of C'3 and C'4. 
An optinal 


inductor L, attached between Pins 13 and 14, 
tuned at the oscillation 
frequency by C'3 and 
C'4 prevents oscillations 
at the crystal 
overtones. 
CFOand CF' are not used. 


External 
oscillator 
- 
oscillator input. 


Parallel LC components 
attached between 


Pins 13 and 14 provide bias to Pin 13 and 
perform bandpass filtering. 
If a square wave 


is generated from a microprocessor 
by clock 


division, a series LC from the divider output 
to Pin 13 will perform additional 
bandpass 


filtering. 
CF' = 0.1 JlF is connected 
to ground. 


CFOis not used. 
If a sinusoidal wave is 


available, a 50Q resistor may replace the 
parallel LC bandpass filter and a 0.1JlF 
capacitor may replace the series LC 
bandpass filter. The amplitude 
is constant 
over temperature. 


Pin 14: +Vccl2 
Oscillator bias at +Vcc!2. 
A O.lJlF 


de-coupling 
capacitor to GND is optional. 


Philips Semiconductors-8ignetics 
Linear Products 


Pin 15: TX Carrier Output (NPN 
Transistor 
Base) 


Transmitter broadband 
output. 
Can drive 
40mA peak (BOmA peak non-repetitive). 


NPN external 
Darlington 
translator 
drive 
- 
Drives 1n loads. 


NPN external 
translator 
drive - 
1n - 0.5W 
- REI to Pin 16 for 10n loads. 


On-chip 
driver 
- 
10n RE1between Pins 15 


and 16 for 50n loads. 


Pin 16: TX Line Drive Feedback 
RFEEDBACKadjusts the driver amplifier gain. 
Minimum gain (RFEEDBACK= 0) is 2 (6dB). 
A 
thermistor can compensate 
the LC oscillator 


amplitude variation. 
REI resistor (and NPN 
EB junction) to Pin 15. RE2resistor (and 
PNP EB junction) to Pin 17. The CDAIVE 
coupling capacitor is in series with the RDAIVE 
resistor from Pin 16 to Pin 20. The RDAIVE 
value is the assumed line impedance. 
The 
CDAIVEimpedance 
is 1/(2 x fCXACDAIVE). 


Pin 17: TX Carrier Output (PNP 
Transistor 
Base) 
Transmitter broadband output. 
Can drive 


40mA peak (BOmA peak non-repetitive). 


PNP external 
Darlington 
translator- 
Drives 1n loads. 


PNP external 
translator 
drive - 
1n - 5.0W 


- RE2to Pin 16 for 10n loads. 


On-chip 
driver 
- 
10n RE2 between Pins 16 


and 17 for 50n loads. 


Pin 18: Ground 


Pin 19: TX Data Input 
Transmitter TIL 
data input. 
Logic 1 will turn 


the transmit driver on, and sinusoidal carrier 
will be sent to the line from a low impedance 
source. 
Logic 0 will turn the driver off, to high 
output impedance. 


Pin 20: RX Carrier Input 
Receiver carrier input. 
Withstands 
an 


over-voltage 
of +Vcc ±35V. 
DC bias 


connected through the line coupling 
transformer 
secondary to +Vcc (Pin 1). The 
CDAIVEcoupling capacitor is in series with the 
RDAIVEresistor from Pin 16 to Pin 20. 


DESCRIPTION OF OPERATION 
The NE505 modem has been designed for 
transmitting 
and receiving control and data 
signals over the AC power lines, coaxial 
cables and twisted-pair 
cables. 
The modem 


overcomes 
line impUlse noise and line 


impedance modulation. 
Two carrier 
modulation 
methods can be used: carrier 
on/off ASK, NRZ data and non-coherent 
FSK. 
The power line is not an ideal medium for 
communication. 
The line noise, interference 
and losses are caused by: impulse noise, CW 
interference, 
line impedance modulation, and 
distribution transformer 
attenuation. 
NE5050 
was designed to support both ASK and 
non-coherent 
FSK communications 
in this 


environment. 


Listen-While-Talk 
The IC modem is always in the receive mode, 
even when transmitting 
(it receives its own 
carrier). 
This capability permits remote RX 
and TX functionality 
testing for each system 
node. 
In the receive mode, the modem 
receives carrier signals from other 
transmitters. 
In the transmit mode, the 
modem transmits carrier to other receivers 
and receives its own carrier. 


On-Chip Collision 
Detection 
The liten-while-talk 
capability enables this IC 
to perform CSMAlCD 
(carrier-sense, 
multiple-access/collision 
detect) networks. 
Collision is dtected when the local TX intends 
to transmit and the line is not clear. 


In Dense Data Traffic 
The RX data output (RXOUT)does not have 
time to go into the stanby (lower power 
consumption, 
inverted logic) mode. 
In this 
case the RXOUTis in positive logic (carrier-on 
= 1, carrier-off = 0). A collision is detected at 
the local node when the local TX is off and 
the local RXOUT= 1. Collision: remote carrier 
present and detected. 
Abort local 
transmission. 
If, however, standby occurs 
(bursts of high-speed data) a proper value of 
CANwill inusre capture of all leading bits 
except for the first "10" transition. 


In Rare Data Traffic 
The RXOUTis in standby most of the time. 
In 


this case the RXOUTlogic mode is inverted 
due to a designed-in 
offset present in the AM 


rejection and impulse filter circuits. 
A logic 
sequence from the local TX insures proper 
RX offset adjustment 
(preamble, the first "10" 
bits). The collision detection proceeds as in 
the dense data traffic case. 
The transition 
time from the last received bit "1- to the 
standby mode is proportional 
to the value of 
the AM rejection capacitor at Pin 9. For CAM 
= 1OnF,the "receive data" to "standby" 
transition occurs after 4 seconds from the last 
"1". Therefore, long strings of "O..s can be 
transmitted 
and received. 
The standby 
function may be disabled with proper bias at 
Pin 9 (external components). 


TX-to-RX and RX-to-TX Switching 
Times 
With the listen-while-talk 
capability the 


TX-to-RX and the RX-to-TX switching times 
have the meaning of TXowto-TXOFF and 
TXOFF-to-TXON switching times, respectively. 
The TX-to-RX and RX-to-TX minimum 
switching times can be calculated 
from the 


maximum data rate. Since one bit can last a 
minimum of 3~s (NRZ ASK data), this may 
be considered the minimum switching time. 


Data Rate 
The maximum data rate is 300kbilis 
NRZ 
ASK. 
This data rate was achieved on a 


twisted-pair 
cable with a 150kHz, 50% duty 


cycle square wave fro data. 
The data rate 


depends on the BPF (between Pins 3 - 4 and 
5 - 6), on the AM detector capacitor for delay, 
CDET(between 
Pins 7 and B), on CAM(Pin 9) 
for capture of leading bits, and on the desired 
impUlse noise immunity for delay, CIMP(Pin 
10). 


AC Line Coupling 
Network 
One or two (120V or 240V and 277V AC 
RMS) coupling capacitors 
rated 600V are 


connected 
in series with the primary of a 1:1 


transformer 
and connected 
to the AC line. 


The transformer 
secondary 
may be tuned to 


the carrier frequency 
by a capacitor (TOKO 


transformer, 
low data rates) or no secondary 


tuning capacitor for higher data rates (AlE 
Magnetics transformer). 
Two back-to-back 


zener diodes must be placed between Pins 1 
and 20 for the IC transient protection 
(1 N4744 or 1N6275). 
The transformer 
secondary carries DC bias current between 
Pins 1 and 20 of the IC. This coupling 
network itself attenuates to below the RX 
input sensitivity the 50 or 60Hz and their 
harmonic frequencies. 
In a coaxial cable 


application 
the transformer 
can be replaced 


with a coupling capacitor. 


Receiver (RX) 
The typical RX sensitivity is 1.5mVAMs. For 
less sensitivity, adjust the turn ratio of the 
coupling transformer 
or insert loss in the 


bandpass filter. The RX-only function can be 
implemented 
by not using the oscillator and 


by grounding the TX input. 
The maximum 


data rate is 300kbilis. 
The power supply 


rejection ratio (PSRR) is BOdB for 60Hz and 
120Hz. 
The RX is composed 
of the following 


blocks: 


The Input Amplifier/limiter 
limits its output 


signals to 1.2Vp.p. The maximum input 
carrier signal can be 70Vp.p. 
The gain is 


24dB. 
The input amplifier bandpass 


characteristic 
has the upper --3dB frequency 


internally fixed at 300kHz. 
The lower -3dB 


frequency is adjustable 
with the CHPF 
capacitor from Pin 2 to GND. 
For maximum 
RX sensitivity CHPF = 1OnF at fcxA = 
120kHz. 
A CHPF= 0.1JlF value attenuates 
60Hz by SOdB and 120Hz by 45dB. 


The Bandpass 
Filter is differential 
RLC 
bandpass filter which can be connected 
from 


Pins 3, 6 to Pins 4, 5. The LC values are the 
same as the oscillator LC values (see Pins 13 
and 14). The formulae relating the BW-3dB 
to 
the RLC values are: 


BW_3dB 


WCXR 


BW-3dB 


WCXR 


(WCXR· 
L) 
1 
=(273i)=(5 


1 


(WCXR . 2 . C . R) 


(WCXR· 
WCXR· 
L) 
(2· R) 


1 


=(5 


1 


BW-3dB 
= (2. C. R) 
and 


WCXR 
= 2· fCXR 


If no bandpass filter is required, connect Pin 
3 to 4 and Pin 5 to 6 (R1 = R2 = OQ). 


The Amplitude 
Detector 
is a Gilbert phase 
detector with a single differential input. 
The 
compared signals are always in phase and 
the demodulatred 
output is a full rectified 
wave, function of the bias current, the carrier 
amplitude, and the collector load. 
The 
detected voltage is developed across a 
differential capacitive 
load between Pin 7 (+) 
and Pin 8 (-). 
DC offset is caused by the line 
impedance modulation. 


The AM Rejection 
Circuit 
stabilizes the DC 
average value of the envelope by adding or 
subtracting a series voltage to the voltage of 
the detector capacitor. 
The AM rejection is 
40dB at a modulation 
rate of 120Hz. 
The 
value of the AM rejection capacitor CAM (Pin 
9 to GN D) determines 
the transition times to 
and from receive data and standby. 


The Slicing 
Comparator 
has current output 
and a fixed threshold of 50m V. 


The Impulse 
Filter consists of a capacitor, 
C1MP,at the output of the comparator, 
from 
Pin 10 to GND. 
This capacitor is charged or 


discharged with constant current from the 
comparator, causing the voltage variation to 
be a constant slope in time. 
Narrow current 
impulses will not last long enough to fully 
charge or discharge the capacitor. 


2VBE Voltage 
Hysteresis 
provides a voltage 


interval in which the CIMPvoltage ramps and 
in which both inputs to the SR flip-flop are 


zero. 


The Flip-Flop 
is an SR type, with an 


open-collector 
transistor output at Pin 11. 


The transistor can switch a maximum load of 
SmA. 


Receiver 
Delays 
and Maximum 
Data Rate 
The total receiver delay is a sum of delays, 
where tOET(sec) is the detector delay, tlMP 
(sec) is the impulse filter delay, and 2Jls is the 
approximate 
receiver delay with no COETand 
no CIMP: 


to (see) 
= total receiver delay 
= tOET(sec) + tlMP(sec) + 2Jls 


The maximum bit rate, in the 
no-return-to-zero, 
amplitude shift keying data 
format is determined 
by: Maximum bit rate 
MRZ ASK (biVsec) < 1/to (sec-1) 


NOTE: 
The COET and G1UP values so calculated are for guidance 
and the user shall deterine the optimal performance values 
in a range between 
0.1 times to 10 times the calculated 
values 
(power 
tine environment 
assumed). 
For twisted-pair 
or coaxial cables the calculated values are close to optimal. 


Based 
on power 
line applications 
made 
at l00bitslsec and 


at SOkbltsisec, 
the 
C".4P I COET capac~or ratio 
ranges 
from 
100:1 to 1:1. 


Transmitter, 
TX 
The transmitter includes an oscillator, a line 
driver, and a drive switch. 


The TTL Switch 
is a low power TIL gate that 


switches on/off the bias current for the line 
driver. A logic "1" at Pin 19 (TXIN) enables 
the line driver and carrier is being sent on the 
line. A logic "0" disables the driver. 


The Oscillator 
is a differential transistor pair. 
It can be configured as a Colpitts LC 
oscillator, as a Pierce crystal oscillator, or 
used with external input (microprocessor 
clock divided to the carrier frequency). 
When 
the TX drive is off, the carrier leak is less than 


-90dBmO. 
Pin 18 can be used as input for 


an external oscillator. 
Grounding 
Pin 12 
disables the oscillation 
process. 


The Line DrIver is a class AB push-pull 
stage with optional external complementary 
transistor pair for increased current capability. 
The TX output impedance 
is 40Q in the 


off-state (receive mode) and less than 2Q in 
the on-state (transmit mode). 
Note that in the 


transmit mode one receives its own signal. 
To increase the amplitude of the transmitter, 
add a feedback resistor in the driver amplifier 
feedback path at Pin 16. 


By itself the NE5050 is capable of driving 
consumer line impedance 
of 50Q (40mA 
peak/80mA 
peak non-repetitive), 
the THD 


being less than 2%. With complementary 
transistors, 
10Q industrial loads can be 
driven. 
With complementary 
Darlington 
transistors, 
1Q industrial loads can be driven. 


One design objective was to provide the user 
with a flexible IC modem for residential as 
well as for industrial AC lines, for twisted-pair, 
and for coaxial cables. 
The IC modem can 
be used for control functions and data 
applications. 
Practical observations 
of power 


line noise point to a data rate upper boundary 
of 1kbiVsec. 
The main sources of 
interference 
are the light dimmers. 
Software 


for error correction can be used for improved 
error rates. 
Two system configurations 
can 
be implemented: 
an ASK system and a 
non-coherent 
FSK system. 
The 


non-coherent 
FSK system can continue to 
transmit ASK data if the other channel is 
made unusable by CW interference. 
High-voltage 
transient protection and filtering 


are accomplished 
with user-selected 
external 


components. 


Additional flexibility is provided by the chip 
architecture: 
one-IC real-time repeater, 


one-IC dual-frequency 
gateway, external 


oscillator input port, the listen-while-talk 
capability (CSMA/CD), 
immediate TX-to-RX 
switChing, ASK and FSK, and ASK-multinode 
single-frequency 
network. 


The modem can be used for control systems 
and data applications 
in homes and other 
consumer environments 
and in industry. 
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DESCRIPTION 
The NE5080 is the transmitter chip, of a 
two-chip set, designed to be the heart of an 
FSK modem. (The NE5081 is the receiver 
chip.) The chips are compatible with the IEEE 
802.4 standard for a "Single-Channel" 
Phase-Continuous-FSK 
Token Bus." The 
specifications 
shown in this data sheet are 
those guaranteed when the transmitter 
is 
tuned for the frequencies 
given in the 802 
standard. However, both the NE5080 and the 
NE5081 may be used at other frequencies. 
The ratio of logic high to logic low frequencies 
is normally at 1.67 to 1.00 at any center 
frequency; however, it can be varied 
externally. (See AN1950.) 


FEATURES 


• Meets IEEE 802.4 standard 


• Data rates to several Megabaud 


• Half- or full-duplex operation 


• Jabber function on-chip 
osc, 


JABBER 
FLAG 
2 


C~~~~~~ 
3 
vcc, 
4 


TRANSMIT 
5 
GATE 


FSK 
OUTPUT 
6 


CABLEGND 
7 


• Local Area Networks 


• Point-to-point 
communications 


• Factory automation 


• Process control 


• Office automation 


I 


DESCRIPTION 
TEMPERATURE 
ORDER CODE 
RANGE 


I 
16-Pin Plastic DIP 
O°C to +70°C 
NE5080N 


GENERAL DESCRIPTION 
The NE5080 is designed to transmit high 
frequency asynchronous 
data on coaxial 


cable, at rates from DC to 2M baud (see 
Note 1). The chip accepts serial data and 
transmits it as a periodic signal whose 
frequency depends on whether the data is 
high or low. 


The device is meant to operate at a 
frequency of 6.25MHz for a logic high and 
3.75MHz for a logic low (see Note 2). The 
frequency is set up by external trimming 
components; 
however, the ratio of the high 


and low frequencies 
is set internally and 


cannot be altered. 


The FSK output can be turned off by use of 
the transmit gate pin. When turned off, the 
transmitter 
has a high output impedance and 


the oscillator is disabled. 


The length of time a transmitter can transmit 
can be controlled by the use of the Jabber 
control pin (see description 
of Jabber Control 


Pin). 


Jabber Control Pin 
During the time the transmitter 
is transmitting, 
this pin sources a current. This current can be 
used to selthe maximum time thalthetransmit- 
ter can be on. There are three options that can 
be used: 
1. 
Use the current to charge a capacitor. 
When the voltage across the cap gets to 
approximately 
1.4V, the transmitter will 
turn off. A logic low applied to Pin 3 will 
reset the Jabber function; an open 
collector output should be used for this 
purpose. A logic high applied to the pin 
will disable the transmitter. 


2. 
Use to externally sense the current and 
have external circuitry to control the 
length of time the transmitter 
is on. 


3. 
The pin can be tied to ground and is then 
not active. Transmission 
is then controlled 


solely by the signal at the transmit gate 
pin. 


Jabber Flag Pin 
This pin will go to a logic high when the Jabber 
Control pin is used to shut off the transmitter. It 
will latch and can be reset by applying a logic 
low to the Jabber Control pin. 


NOTES: 
1. The NE5080 is capable of transmitting 
up 
to 1M baud of differential 
Manchester 
code at a center frequency of 5MHz. 
2. 
Although the chip is designed to meet the 
requirements 
of IEEE standard 802.4 
(Token-Passing Single-Channel 
Phase-Continuous-FSK 
Bus), it can be 
used at other frequencies. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VCC1 
Supply Voltage 
+6 
V 
VCC2 


V1N 
Input voltage range (Data, Gate) 
~.3toVcc 
V 


Po 
Power dissipation 
800 
mW 


T,<\ 
Operating temperature 
range 
o to +70 
·C 


TJ 
Maximum junction temperature 
+150 
·C 


TSTG 
Storage temperature 
range 
~5to 
+150 
·C 


TSOLO 
Lead temperature 
(soldering, 1Osee) 
300 
·C 


PIN 
FUNCTION 


1 
OSC 1: One end of the external capacitor used to set the carrier frequency. 


2 
Jabber 
Flag: This pin goes to a logic high if the transmitter 
attempts to 


transmit for a longer time than allowed by the Jabber control function. 


3 
Jabber 
Control: 
Used to control transmit time. See note on Jabber function. 


4 
Vcc,: 
Voltage supply. 


5 
Transmit 
Gate: A logic flow on this pin will enable the transmitter; 
a logic 


high will disable it. 


6 
Transmitter 
FSK Output 


7 
Cable Ground: 
The shield of the coax cable should be connected 
to this pin 


and to Pin 11. 


8 
VCC2: Connect to Pin 4 close to device. 


9 
No Connection 


10 
No Connection 


11 
Ground 
2: Connect to Analog ground close to device. 


12 
OSC 3: A variable resistor between this point and ground is used to set the 
carrier frequencies. 


13 
Ground 
1: Connect to Analog close to device. 


14 
Data Input 


15 
Regulator 
Bypass: 
A bypass capacitor between this pin and VCCI is 


required for the internal voltage regulator function. 


16 
OSC 2: One end of a capacitor that is between Pin 1 and Pin 16 and 
is used to set the carrier frequency. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ 
Max 
UNIT 


f, 
Output frequency (Logic high) 
Data input ;,.2.0V (See Note 1) 
6.17 
6.25 
6.33 
MHz 


fa 
Output frequency 
(Logic low) 
Data input !£0.8V (See Note 1) 
3.67 
3.75 
3.83 
MHz 


Vo 
Output amplitude 
Data input ;,.2.0V or !£0.8V 
0.5 
1.0 
VRMS 
Output Load = 37.5Q 


ROFF 
Output impedance 
(gated off) 
Transmit gate >2.0V 
100 
kQ 


RON 
Output impedance 
(gated on) 
Transmit gate ,;;0.8V 
37.5 
Q 


Co 
Output capacitance 
Transmit gate ;,.2.0V or <0.8V 
10 
pF 


VF 
Feedthrough 
Transmit gate ;,.2.0V 
1 
mVRMS 
2.0MHz sq. wave (TIL 
levels) input 


IJ 
Jabber current 
Transmit gate ,;;0.8V 
1.25 
f'A 
Input ;,.2.0V or !£0.8V 


Icc 
Supply current 
VCC1connected to VCC2 
75 
100 
mA 


Logic 
levels 


Data Input 


VIH 
Logic high 
Input high voltage 
2.0 
V 


Vil 
Logic low 
Input low voltage 
0.8 
V 


IIH 
Input current 
VIN= 2.4V 
40 
f'A 
III 
Input current 
VIN= 0.4V 
-1.6 
mA 


Transmit gate 


VIH 
Logic high 
Input high voltage 
2.0 
V 


Vil 
Logic low 
Input low voltage 
0.8 
V 


IIH 
Input current 
VG = 2.4V 
40 
f'A 


III 
Input current 
VG = 0.4V 
-1.6 
mA 


Jabber flag 
VOH 
Logic high 
IOH= -400f'A 
2.4 
V 
VOL 
Logic low 
IOl = 4.0mA 
0.4 
V 


Jabber control 
VIH 
Logic high 
Input high voltage 
2.0 
V 


Vil 
Logic low 
Input low voltage 
0.8 
V 


NOTE: 
1. Tuned per instructions 
in AN195. 


LIMITS 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDITIONS 
Mln 
Typ 
Max 
UNIT 


ts 
Setup time 
Data in 
Gate on 
Figure 1 
2 
0.1 
f's 


tA 
Delay time 
Output freq. 
Data transition 
Figure 2 
150 
ns 
change 


te 
Delay time 
Output 
Gate off 
Figure 3 
0.4 
2 
disabled 
f's 


te 
Delay time 
Output 
Jabber control 
Figure 4 
100 
ns 
disabled 


tD 
Delay time 
Jabber flag 
Jabber control 
Figure 5 
100 
ns 


Jabber control reset 
Pulse width (Logic low) 
100 
ns 
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DESCRIPTION 
The NE5081 is the receiver chip of a two-chip 
set designed to operate as an FSK modem 
(the NE5080 is the transmitter chip). The 
chips are compatible 
with the IEEE 802.4 
standard for a "Single-Channel 
Phase-Continuous-FSK 
Token Bus." The 
specifications 
given in this data sheet are 
those guaranteed 
when the receiver is tuned 
to the frequencies 
given in the 802 standard. 
However, the receiver will work at other 
frequencies. 


FEATURES 


• Meets IEEE 802.4 standard 


• Data rates to several Megabaud 


• Half- or full-duplex operation 


• Low bit rate error (10-12 typical) 


• Point-ta-point 
communications 


• Factory automation 


• Process control 


• Office automation 
TOP 
VIEW 


NC 


FSKINPUT 


INPUT 
BYPASS 


ANALOGGND 


INPUT 
DETECTION 
TIMING 
INPUT 
DETECTION 
TIMING 
INPUT 
LEVEL 
DETECTION 
INPUT 
LEVEL 
DETECT 


DIGITAL 
GND 


DATA 
OUTPUT 


APPLICATIONS 


• Local Area Networks 


ORDERING INFORMATION 


DESCRIPTION 
TEMPERATURE RANGE 
ORDER CODE 


OUTPUT 
DATA 


INPUT 
LEVEL 
FLAG 


ABSOLUTE MAXIMUM RATINGS 
TA ~ 25°C 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VCC1 
Supply voltage 
+6 
V 


VCC2 


V1N 
Input voltage range 
--{).3to +Vcc 
V 


100 
Output (Data, Level detect) 
20 
mA 
Max sink current 


Po 
Maximum power dissipation, 
TA~ 25°C, (still-air) 1 
1690 
mW 
N package 


TA 
Operating temperature 
range 
Oto +70 
°C 


TSTG 
Storage temperature 
range 
~5to 
+150 
°C 


TSOLD 
Lead soldering temperature 
(10 sec. max) 
300 
°C 


Max differential voltage between 
100 
mV 
analog and digital grounds 


NOTE: 
1. Derate above 25°C as follows: 


N package at 13.5mWI"C. 


DC ELECTRICAL CHARACTERISTICS 
VCCl 2 ~ 4.75-5.25V. 
External LC circuit tuned to 5MHz. Input level detect set at 16mVRMS,TA~ O°C +70°C. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
Mln 
Typ 
Max 
UNIT 


fa 
Logic Low Frequency 
External LC tuned to 5MHz 
3.67 
3.75 
3.83 
MHz 


f1 
Logic High Frequency 
External LC tuned to 5MHz 
6.17 
6.25 
6.33 
MHz 


1NOL 
Minimum Input Detect Level 
Minimum input level that is detected as 
5 
50 
mVRMS 
carrier (See Note 2 in General Description) 


Logic Levels: 


VOL 
Data Output 
'OL~ 4.0mA V1N> 16mVRMSFreq ~ fa 
0.4 
V 


VOH 
Data Output 
IOH~ -400flA 
V1N> 16mVRMSFreq ~ f1 
2.4 
V 


VOH 
Data Output 
IOH~ -400flA 
VIN< 5mVRMS Freq ~ fa 
2.4 
V 


VOL 
Input Detect Flag 
IOL~ 4.0mA V1N~ OVRMS 
0.4 
V 


VOH 
IOH~ -400flA 
VIN> 16mV 
2.4 
V 


Icc 
Supply Current 
Vcc ~ 5.25V (VCC1connected to VCC2) 
50 
mA 
VIN~ 1.0VRMSFreq ~ f1 or fa 


BER 
Bit Error Rate 
Input Signal> 
16mVRMS 
10-12 
10-9 


maximum in-band noise ~ 1.6mVRMS 


LIMITS 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDIT10NS 
Mln 
Typ 
Max 
UNIT 


ts 
DelayTtme 
Input Level 
Input On 
Figure 1 
0.05 
1 
Ils 
Detect Flag 


Ie 
Delay Ttme 
Input Level 
Input Off 
Figure 1 
0.5 
1.5 
2.5 
Detect Flag 
IlS 


to 
Delay Ttme 
Output 
Input On 
Figure 2 
2 
Enabled 
Ils 


tE 
Delay Ttme 
Output 
Input Off 
Figure 2 
0.5 
1.5 
2.5 
Disabled 
Ils 


Required Delay 
Carrier 
Valid Data 
Turn Off 
End 
2 
Ils 


GENERALDESCRIPTION 
NE5081PIN FUNCTION 
The NE5081 will accept an FSK-encoded 
signal 


and provide the demodulated 
digital data at the 
output. 
It is optimized 
to work at frequencies 


specified in IEEE 802.4- 
Token-Passing 
Sing- 


le-Channel 
Phase-Continuous-FSK 
Bus-(i.e., 
3.75MHz and 6.25MHz). However, itwill work at 
other frequencies.1 


Its normal acceptable 
input signal level range is 


from 16mVRMsto 1VRMS.This can beadjusted.3 


The receiver will yield an undetected 
"Bit Error 


Rate" of 10-9 or lower when receiving 
signals 
with a 20dB signal-to-noise 
ratio. It has a maxi- 
mum output Jitter of ± 40ns.3 


NOTES: 
1. The receiver can be tuned to accept differ- 
ent frequencies 
by adjustment 
of the LC 


circuit shown in Figure 7. However, the ex- 
ternal components 
have been optimized 


:or 3.75MHz and 6.25MHz. see "Determin- 
ing Component 
Values" for use at other 


frequencies. 


2. 
Input Level Detect 
This is a method of turning off the output of 
the receiver when the input signal falls be- 
Iowan 
acceptable 
level. This level is ad- 
justable within the range given in the elec- 
trical specification 
section. The purpose of 
this function is to minimize the effect of 
noise on receiver performance 
and to indi- 


cate when there is an acceptable 
signal 
present at the input. All specifications 
giv- 


en in this data sheet are with the input lev- 
el detection 
set at 16mV RMS. 


3. Jitter (Definition) 


This is a measure of the ability of the re- 
ceiver to accurately 
reproduce the timing of 


its FSK-coded digital input. The spec indi- 
cates the error band in the timing of a logic 
level change. 


PIN 
FUNCTION 


1 
VCC1: Should be connected to the 5V supply and Pin 9. 


2 
CT: One end of an external capacitor tthat is used to tune the receiver. 


3 
LT: One end of an indicator that is used to tune the receiver. 


4 
MT: The junction of the capacitor and inductor used for tuning the receiver. 


5 
F2} 
6 
F1 
Pins 5, 6, 7, 8 are used for a low-pass filter to remove carrier 
7 
F3 
harmonics from the data output. 


8 
F4 


9 
Vcc.: 
Connect to Pin 1 (see Pin 1 function) close to the device. 


10 
Input Level Flag: This pin is used to indicate when there is a signal at the 
input that is greater than the level set by the input level detection circuitry. 
A logic high indicates an input greater than the set level. 


11 
Data Output: 
Supplies T2L level data that corresponds 
to the FSK input 
received. 


12 
Digital 
Ground: 
Should be connected to digital ground. 


13 and 
Input Level Detect: These pins are used to set the level of input signal 
14 
that the device will accept as valid. 


15 
Input Detection 
TIming: 
An external capacitor between this pin and ground 
is used to determine the time from carrier turn-off to output disable. 


16 
Input 
Detection 
TImIng: 
Same as Pin 15, except that a resistor goes 


between this pin and ground. The values of the C and R depend on the 
carrier frequency. The values given in this data sheet are for a 5MHz carrier 
center frequency. 


17 
Analog 
Ground: 
Connect to analog ground close to the device. 


18 
Input 
Bypass: 
A capacitor between this pin and ground is used to bypass 


the input bias circuitry. 


19 
Input: 
The FSK signal from the cable goes to this pin. 


20 
No Connection. 


tB~ r- 


INPUT 
LEVEL 
I 
DETECT 
OUTPUT 
••••• 


tE~ 
r- 


VAUD 
DATA j----- 


Section 7 
Peripheral Drivers 


Symbols and definitions for peripheral drivers .. 


NE/SA5090 
Addressable 
relay driver. 


NE590/591 
Addressable 
peripheral drivers 


. 337 


. .. 
339 


... 
345 


BCD 
Binary Coded Decimal. 


m/RBO 
Blanking Input or Ripple Blanking Output. 


CE 
Chip Enable 


CLR 
Clear. 
Clear command will preset all internal 
circuits to a predetermined 
state. 


Duty 
Cycle 
Ratio of time on to time off. Generally 
expressed in percentage. 


fMAX 
The maximum clock frequency; 
the maximum 


input frequency at a clock input for the 
predictable performance. 
Above this 
frequency the device may cease to function. 


IBIAS 
Input Bias Current. 
Current into an analog 
circuit input, specified at a particular voltage 
level. 


Icc (-Icc) 
Supply Current. 
The current flowing into the 
+Vcc (-Vcel 
supply terminal of the circuit 
with specified input conditions 
and open 
outputs. 
Input conditions are chosen to 
guarantee worst case operation unless 
specified. 


IH 
Input High Current. 
The current flowing into 


or out of an input when a specified HIGH 
level voltage is applied to that input. 


IlL 
Input Low Current. 
The current flowing out of 
an input when a specified LOW level voltage 
is applied to that input. 


IOH 
Output Current Source the device can supply 
while maintaining 
a specified voltage output 
level. 


IOL 
Output Low Current. 
The current flowing into 
an output when it is in the LOW state. 


105 
Output Short-Circuit 
Current. 
The current 
flowing out of an output which is in the High 
state when that output is shorted to ground. 


Symbols and definitions for 
peripheral and display drivers 


Is 
Source Current. 
Current flowing into the Vs 


supply terminal of the device with specified 
operating conditions. 


ISEG 
Segment Current. 
The amount of current 
supplied to each segment as a display. 
Current ratios are generally 
compared to 


segment 'b'. 


LED 
Light-Emitting 
Diode. 


RBl 
Ripple Blanking Input. 


'8 


a 


b 
• 
c 


d 


Segment 
Identlneatlon 


tH 
Hold Time. The interval immediately 
following the active transition of the timing 
pulse (usually the clock pulse) or following 
the transition of the control input to its 
latching level, during which interval the data 
to be recognized must be maintained at the 
input to ensure its continued recognition. 
A 
negative hold time indicates that the current 
logic level may be released prior to the active 
transition of the timing pulse and still be 
recognized. 


tpHL 
Propagation 
Delay Time. The time between 
the specified reference points on the input 
and output waveforms with the output 
changing from the defined HIGH level to the 
defined LOW level. 


tpLH 
Propagation 
Delay Time. The time between 


the specified reference points on the input 
and output waveforms with the output 
changing from the defined LOW level to the 
defined HIGH level. 


tTREC 
Recovery Time. 
The time between the 
reference point on the trailing edge of an 
asynchronous 
input control pulse and the 
reference point on the activating edge of a 
synchronous 
(clock) pulse input such that the 
device will respond to the synchronous 
input. 


ts 
Setup Time. The interval immediately 
preceding the active transition of the timing 
pulse (usually 
the clock pulse) or preceding 


the transition of the control input to its 
latching level, during which interval the data 
to be recognized 
must be maintained at the 


input to ensure its recognition. 
A negative 


setup time indicates that the correct logic 
level may be initiated sometime after the 
active transition of the timing pulse and still 
be recognized. 


Truth 
Tables 
o = logic level LOW 
1 = logic level HIGH 
x = don't care condition; 
has no effect under 


circuit conditions listed. 


Typical 
Value 
The typical value of a particular parameter at 
25°C determined 
by characterization 
of the 


device or sampling. 
Usually indicates that 


the particular device is not 100% tested for 
the parameter 
because it does not vary or 


can be determined 
by design and other 


tested variables. 
Occasionally 
typical values 


are given rather than minImax values 
because 100% testing would raise the cost of 
the product to a prohibitive level. 
If a typical 
value must be guaranteed 
to ensure specific 


operation, custom testing can often be 
provided at an additional cost to the user. 


VBR 
Output Breakdown Voltage. 
Maximum 


voltage applied to a disabled (off) output to 
ensure a leakage current less than the 
specified value. 


Vcc (-Vccl 
Supply Voltage. 
The range of power supply 


voltage over which the device will operate 
safely. 


VF 
Forward voltage drop of a device at a 
specified current level. 


VIH 
Input High Voltage. 
The range of input 
voltages recognized 
by the device as a logic 
HIGH. 


VIL 
Input High Voltage. 
The range of input 


voltages recognized 
by the device as a logic 
LOW. 


VIN 
The range of voltage on any input which the 
device can safely handle or a specified input 
voltage to the device. 


VOH 
Output Low Voltage. 
The minimum 
guaranteed 
High voltage at an output terminal 
for the specified output currentloH 
and at the 
minimum Vcc value. 


VOL 
Output Low Voltage. 
The maximum 
guaranteed 
low voltage at an output terminal 
sinking the specified load currentloL. 


VOUT 
The range of voltage on any output which the 
device can safely handle or a specified output 
voltage to the device. 


Vs 
Source Voltage. 
A separate Vcc line 
depending 
on part type. 


xx 
Negate Bar. When it appears over a function 
indicates that the "true" or valid condition of 
that function is a logic LOW level; i.e., LE 
would require a logic HIGH level to cause a 
latch enable; a:would require a logic LOW 
level to cause a latch enable. 


DESCRIPTION 
The NElSA5090 
addressable 
relay driver is a 
high-current 
latched driver, similar in function 
to the 9934 address decoder. The device has 
8 open-collector 
Darlington power outputs, 
each capable of 150mA load current. The 
outputs are turned on or off by respectively 
loading a logic "1" or logic "0" into the device 
data input. The required output is defined by 
a 3-bit address. The device must be enabled 
by a IT input iine which also serves the 
function of further address decoding. A 
common clear input, ern, turns all outputs 
off when a logic "0" is applied. The device is 
packaged in a 16-pin plastic or Cerdip 
package. 


FEATURES 


• 8 high-current 
outputs 


• Low-loading 
bus-compatible 
inputs 


• Power-on clear ensures safe operation 


• Will operate in addressable 
or demultiplex 


mode 


• Allows random (addressed) data entry 


• Easily expandable 


• Pin-compatible 
with 9334 (Siliconix or 


Fairchild) 


• Relay driver 


• Indicator lamp driver 


• Triac trigger 


• LED display digit driver 


• Stepper motor driver 


PIN NO. 
SYMBOL 
NAME AND FUNCTION 


1-3 
Ao-A2 
A 3-bit binary address on these pins defines which of the 8 output latches is to receive the data. 


4-7,9-12 
00-07 
The 8 device outputs. 


13 
D 
The data input. When the chip is enabled, this data bit is transferred 
to the defined output such that: 
"1" turns output switch "ON" 
"0" turns output switch "OFF" 


14 
CE 
The chip enable. When this input is low, the output latches will accept data. When CE goes high, all 
outputs will retain their existing state, regardless of address of data input condition. 


15 
CLR 
The clear input. When CLR goes low all output switches are turned "OFF". The high data input will 
override the clear function on the addressed 
latch. 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SOL 
o to +70 
DC 
NE5090D 


16-Pin Plastic DIP 
o to +70 


DC 
NE5090N 


16-Pin Plastic DIP 
-40 to +85DC 
SA5090N 


16-Pin Plastic SOL 
-40 to +85 
DC 
SA5090D 


INPUTS 
OUTPUTS 
MODE 


Cl: 
C 
D 
A 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 


"If 
E 
0 
1 
2 
0 
1 
2 
3 
4 
5 
5 
7 


L 
H 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
H 
Clear 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
Demultiplex 


L 
L 
H 
H 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 


L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 


H 
H 
X 
X 
X 
X 
ON_' 
• 
Memory 


H 
L 
L 
L 
L 
L 
H 
°N_' 
• 


H 
L 
H 
L 
L 
L 
L 
ON-l 
• 


H 
L 
L 
H 
L 
L 
ON_' 
H 
°N-' 
• 
Addressable 
Latch 


H 
L 
H 
H 
L 
L 
°N-' 
L 
°N_' 
H 
L 
L 
H 
H 
H 
ON_' 
• 
H 


H 
L 
H 
H 
H 
H 
ON_' 
• 
L 


NOTES: 
X=Don't care condition 
0N.,=Previous 
output state 
L=Low voltage levell"ON" output state 
H=High voltage levell"OFF" 
output state 


ABSOLUTE 
MAXIMUM 
RATINGS 


TA=25De, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
-0.5 to +7 
V 


VIN 
Input voltage 
-0.5 to +15 
V 


VOUT 
Output voltage 
o to +30 
V 


IGNO 
Ground current 
500 
mA 


lOUT 
Output current 
200 
mA 
Each output 


Po 
Maximum power dissipation, 


TA=25De (still-air) 1 


N package 
1712 
mW 


D package 
1315 
mW 


TA 
Ambient temperature 
range 
o to +70 
DC 


TJ 
Junction temperature 
150 
DC 


Tsm 
Storage temperature 
range 
-65 to +150 
DC 


TSOLD 
Lead soldering temperature 
(1Osee. max) 
300 
°e 


NOTES: 
1. 
Derate above 25°C at the following rates: 


F package at 11.1mw/oe 
N package at 13.7mW/oe 
D package atl0.5mW/oe 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc = 4.75V to 5.25V, ooe "TA" 
+70oe, unless otherwise specified.1 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


Input voltage 


VIH 
High 
2.0 
V 


VIL 
Low 
0.8 


Output voltage 


VOL 
Low 
IOL=150mA, TA=25De 
1.05 
1.30 
V 


Over temperature 
1.50 


Input current 


IIH 
High 
VIN=VCC 
<1.0 
10 
).lA 


IlL 
Low 
VIN=OV 
-3.0 
-250 


IOH 
Leakage current 
VouT=28V, 
5 
250 
).lA 


Supply current 


ICCL 
All outputs low 
Vcc=5.25V 
35 
60 
mA 


ICCH 
All outputs high 
22 
50 


Po 
Power dissipation 
No output load 
315 
mW 
NOTES: 
1. All typical values are at Vcc=5V and TA=25De 


SWITCHING CHARACTERISTICS 
Vcc=5V, TA=25°C, Vour=5V,lour=100MA, 
V1L=0.8V,VIH=2.0V. 


SYMBOL 
PARAMETER 
TO 
FROM 
MIN 
TYP 
MAX 
UNIT 


Propagation delay time 


lpLH 
Low-to-high' 
Output 
CE 
900 
1800 
ns 


tPHL 
High-to-Iow' 
130 
260 


lpLH 
Low-ta-high2 
920 
1850 


Output 
Data 
ns 


lpHL 
High-to-low2 
130 
260 


lpLH 
Low-to-high3 
900 
1800 


Output 
Address 
ns 


tPHL 
High-to-low3 
130 
260 


lpLH 
Low-to-high" 
920 
1850 


Output 
NR 
ns 


tPHL 
High-to-Iow" 


SWitching setup requirements 


Is(H) 
Setup time high 
Chip enable 
High data 
40 
Setup time low 
Chip enable 
Low data 
50 
ns 


Is(A) 
Address setup time 
Chip enable 
Address 
40 
ns 


tH(H) 


Hold time high 
Chip enable 
High data 
10 
Hold time low 
Chip enable 
Low data 
10 
ns 


lpwlE) 
Chip enable pulse width 1 
40 
ns 


NOTES: 
1. See Turn-On and Turn-Off Delays, Enable-to-Output 
and Enable Pulse Width timing diagram. 
2. 
See Turn-on 
and Turn.Qff Delays, Oata-to.Qutput 
timing diagram. 
3. 
See Tum-on 
and Turn.Qff Delays, Address-to.Qutput 
timing diagram. 
4. 
See Turn-Off Delay, Clear-to-Output 
timing diagram. 
5. 
See Setup and Hold Time, Oata-to-Enable 
timing diagram. 


6. 
See Setup Time, Address-ta-Enable 
timing diagram. 


FUNCTIONAL DESCRIPTION 
This 
peripheral 
driver 
has 
latched 
outputs 


which 
hold the input date until cleared. 
The 


NE5090 
has active-Low, 
open-eollector 
out- 


puts, all of which are cleared when power is first 
applied. This device is identical to the NE590, 
except the outputs can withstand 
28V. 


Addressable Latch Function 
Any given output can be turned on or off by 
presenting the address of the output to be set 
or cleared to the three address pins, by holding 
the "0" input High to turn on the selected output, 
or by holding it Low to turn off, holding the ern 
input High, and bringing 
the CE input Low. 


Once an output is turned on or off, it will remain 
so until addressed again, or until all outputs are 
cleared by bringing 
the ern input Low while 


holding the CE input High. 


Demultiplexer Operation 
By holding the ern and CE inputs Low and the 
"0" input High, the addressed output will remain 
on and all other outputs will be off. 


High Current Outputs 
The obvious advantage of this device over oth- 
er drivers such as the 9334 and N74LS259 
is 


the factthat the outputs of the NE5090 are each 
capable of 250mA and 28V. It must be noted, 
however, that the total power dissipation would 
be over 2.5W if all 8 outputs were on together 
and carrying 250mA each. Since the total pow- 
er dissipation is limited by the package to 1W, 
and since power dissipation due to supply cur- 
rent is 0.25W, the total load power dissipation 
by the device is limited to 0.75W at room tem- 
perature, and decreases as ambient tempera- 
ture rises. 


The maximum die junction 
temperature 
must 
be limited to 165°C, and the temperature 
rise 
above ambient 
and the junction 
temperature 
are defined as: 


TR=9JAxPO 
TJ =TA+tR 


where 


For example, if we are using the NE5090 in a 
plastic package in an application where the am- 
bient temperature 
is never expected 
to rise 
above 50°C, and the output current at the 8 out- 


puts, when on, are 100,40,50,200, 
15, 30, 80, 


and 1OmA, we find from the graph of output volt- 
age vs load current that the output voltages are 
expectedtobeaboutO.92, 
0.75, 0.78,1.04,0.5, 


0.7, 0.9, and 0.4V, respectively. 
Total device 


power 
due 
to these 
loads 
is found 
to be 


473.5mW. Adding the 250mWdue 
to the power 


supply brings total device power dissipation to 
723.5mW. 
The 
thermal 
resistances 
are 


83°C,per W for plastic packages and 100°C per 
W for Cerdips. Using the equations above we 
find: 


Plastic T R=83xO.7235=60°C 
Plastic TJ =50+60= 100°C 
Cerdip TR=100xO.7235=72.4°C 
Cerdip TJ =50+72.4= 122.4°C 


Thus we find thatTJ for either package is below 
the 165°C maximum and either package could 
be used in this application. 
The graphs of total 


load power vs ambient temperature would also 
give us this same information, 
although 
inter- 


preting the graphs would not yield the same ac- 
curacy. 
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DESCRIPTION 
The NE590/591 addressable 
peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address 
decoder. The device has eight Darlington 
power outputs, each capable of 250mA load 
current. The outputs are turned on or off by 
respectively 
loading a logic high or logic low 


into the device data input. The required 
output is defined by a 3-bit address. The 
device must be enabled by a cr input line. A 
common clear input. 'Crn. turns all outputs 
off when a logic low is applied. 


The NE590 has eight open-collector 
Darlington outputs which sink current to 
ground. The device is packaged in a 16-pin 
plastic or Cerdip package. 


The NE591 has eight open-emitter 
Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily 
be the same as 


the 5V Vcc supply. The device is packaged in 
an 18-pin plastic or Cerdip package. 


PIN CONFIGURATIONS 


N Package 


Ao 
vcc 


A, 
CIJl 


A2 
CE 


00 


01 
07 


02 
as 


TOP 
VIEW 


NE590 


N Package 


cs 
1 
18 vcc 


Ao 
CIJl 


A, 
CE 


A2 


00 
07 


01 
a. 


02 


• 8 high current outputs 


• Low-loading bus compatible 
inputs 


• Power-on clear ensures safe operation 


• NE590 will operate in addressable 
or 


demultiplex 
mode 


• Allows random (addressed) data entry 


• Easily expandable 


• NE590 is pin compatible with 
54/74LS259 


• Relay driver 


• Indicator lamp driver 


• Triac trigger 


• LED display digit driver 


• Stepper motor driver 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic 
Oto+70°C 
NE590N 


18-Pin Plastic 
Oto+70°C 
NE591 N 


590 
591 
SYMBOL 
NAME & FUNCTION 
PIN NO. 
PIN NO. 


1-3 
2-4 
Ao-A2 
A 3-bit binary address on these pins defines which of the 8 output latches is to receive the 
data. 


4-7, 
5-8, 
00-07 
The 8 device outputs. The NE590 has open-collector 
Darlington outputs. The NE591 has open 


9-12 
11-14 
emitter-follower 
outputs. 


13 
15 
D 
The data input. When the chip is enabled, this data bit is transferred 
to the defined output such 
that: 


"1" turns output switch "ON" 
"0" turns output switch "OFF" 


Thus in logic terms. the NE590 inverts data to the relevant output. The NE591 retains true 
data at the output. 


14 
16 
cr 
The chip enable. When this input is low, the output latches will accept data. When cr goes 
high, all outputs will retain their existing state regardless of address or data input conditions. 


15 
17 
'Crn 
The clear input. When 'Crn goes low all output switches are turned "OFF". On the NE590, a 
high data input will override the clear function on the addressed 
latch. On the NE591, 'Crn low 


will override any other condition. 


1 
CS' 
The chip select input provides for an additional 
level of address decoding. 


- 
10 
Vs 
The Vs line provides the power to all 8 output devices. It is connected 
to the collectors of all 8 


output transistors. 
This pin may be connected to the Vcc or another supply. 
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NOTES: 
X=Don't care condition 
0N_FPrevious 
output state 


L=Low voltage levelf'OFF" 
output state 


H=High voltage levelf'ON" 
output state 
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NOTES: 
X=Don't care condition 
ON.' =Previous output state 
L=Low voltage levelf'OFF" 
output state 


H=High voltage levelf'ON" 
output state 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
-0.5 to +7 
V 


V1N 
Input voltage 
-0.5 to +15 
V 


VOUT 
Output voltage 
V 


NE590 
o to +7 


NE591 
o to Vcc 


Vs 
Source bus voltage 
-0.5 to +7 
V 


NE591 only 


Vs-Vcc 
Source/supply 
differential voltage 
-5 to +2 
V 
NE591 only 


lOUT 
Output current 


Each output 
300 
mA 


All outputs 
1000 


PD 
Maximum power dissipation 


TA=25DC (still air) 


NE590' N package 
1450 
mW 


NE5912 N package 
1690 


TA 
Ambient temperature 
range 
o to +70 
DC 


TJ 
Junction temperature 
165 
DC 


TSTG 
Storage temperature 
range 
-65 to +150 
DC 


TSOLD 
Lead soldering temperature 
300 
DC 


(10 sec max) 


NOTES: 
1. 
Derate above 25DC at the following rates: N package at 11.6mW/DC 
2. 
Derate above 25DC at the following rates: N package at 13.5mW/DC 


DC ELECTRICAL CHARACTERISTICS 
Vcc=4.75 
to 5.25V, ooe ? TA" 70°C unless otherwise specified. 
1,2 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Input voltage 


VIH 
High 
2.0 
V 


VIL 
Low 
0.8 


Output voltage 


VOL 
Low (NE590 only) 
IOl=250mA, TA=25°e 
1.0 
1.3 


Over temperature 
1.5 
V 


VOH 
High (NE591 only) 
IOH=-250mA, Vcc=Vs=5V 
2.9 


Input current 


IIH 
High 
VIN=VCC 
0.1 
10 


III 
Low 
VIN=OV 


IT input 
-25 
-60 
!LA 


All other inputs 
-15 
-50 


IOH 
Leakage current 
VouT=5.25V 
10 
250 
!LA 


Supply current! 
Vs-Vcc-5V 


lecL 
All outputs low 


NE590 
33 
50 


NE591 
15 
50 


IccH 
All outputs high 
mA 


NE590 
15 
50 


NE591 
30 
50 


PD 
Power dissipation 
No output load 
350 
mW 


NOTES: 
1. All typical values are at Vcc=5V and TA=25°e 
2. 
For the NE591 Vs=Vcc 
in all tests. 


3. 
Supply current for the NE591 is measured with no output load. 


SWITCHING CHARACTERISTICS 
Vcc=5V, 
TA=25°C 


SYMBOL 
PARAMETER 
TO 
FROM 
NE590 
NE591 
UNIT 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Propagation 
delay time 


tpLH 
Low-to-High1 
Output 
CE 
65 
150 
50 
80 
ns 


tpHL 
High-to-Low1 
115 
230 
70 
120 


tpLH 
Low-to-High2 
Output 
Data 
65 
130 
45 
70 
ns 


tPHL 
High-to-Low2 
120 
240 
65 
100 


tpLH 
Low-to-High3 
Output 
Address 
100 
200 
45 
80 
ns 


tpHL 
High-to-Low3 
130 
260 
75 
140 


tpLH 
Low-to-High4 
Output 
ern 
65 
130 
ns 


tPHL 
High-to-Low4 
45 
140 


tpLH 
Low-to-High 
1 
Output 
V) 
40 
80 
ns 


tpHL 
High-to-Low1 
70 
120 


Switching 
setup 
requirements 


tSIH) 
Chip enable 
High data 
210 
100 
ns 


tSIL) 
Chip enable 
Low data 
210 
100 
ns 


tS(A) 
Chip enable 
Address 
30 
30 
ns 


tH(H) 
Chip enable 
High data 
40 
10 
ns 


tH(L) 
Chip enable 
Low data 
30 
10 
ns 


tSICS) 
Chip enable 
Low chip select 
100 
ns 


tpwrEl 
Chip enable pulse width 1 
120 
120 
ns 


NOTES: 
1. See Turn-On and Turn-Qff Delays, Enable to Output and Enable Pulse Width timing diagram. 
2. 
See Turn-On and Turn-Off Delays, Data to Output timing diagram. 
3. 
See Turn-On and Turn-Off Delays, Address to Output timing diagram. 
4. 
See Turn-Off Delay, Clear to Output timing diagram. 
5. 
See Setup and Hold Time, Data to Enable timing diagram. 


6. 
See Setup Time, Address to Enable timing diagram. 


FUNCTIONAL DESCRIPTION 
These peripheral drivers have latched outputs 
which hold the input data until cleared. The 
NE590 has active-Low, open-collector 
outputs, while the NE591 has active-High, 
uncommitted 
(open) emitter outputs. All 
outputs are cleared when power is first 
applied. 


Addressable 
Latch Function 
Any given output can be turned on or off by 
presenting the address of the output to be set 
or cleared to the three address pins, by 
holding the "0" input High to turn on the 
selected input, or by holding it Low to turn off, 
holding the ern input High, and bringing the 
CE input Low. Once an output is turned on or 
off, it will remain so until addressed 
again, or 


until all outputs are cleared by bringing the 
ern, CE, and "0" inputs Low. For NE591, V) 
must be brought Low any time CE is Low if 
any outputs are to be changed. 


Demultiplexer 
Operation 


By bringing the em and CE inputs Low and 
the "0" input High, the addressed output will 
remain on and all other outputs will be off. 
This condition will remain only as long as the 


output is addressed. 
For the NE591, the V) 


input must also be Low. 


High Current Outputs 
The obvious advantage of these devices over 
the 9334 and N74LS259 (which provide a 
similar function) is the fact that the NE590 
and NE591 are capable of output currents of 
250mA at each of their eight outputs. It 
should be noted, however, that the load 
power dissipation would be over 2.5W if all 8 
outputs were to carry their full rated load 
current at one time. Since the total power 
dissipation is limited by the package to 1W, 
and since the power dissipation due to supply 
current is 0.25W, the total load power 
dissipation by the device is limited to 0.75W, 
and decreases as ambient temperature 
rises. 


The maximum die junction temperature 
must 
be limited to 165°C, and the temperature 
rise 


above ambient and the junction temperature 
are defined as: 


tR=8JAxP 
t.J=tA+tR 


where 


For example, if we are using the NE5090 in a 
plastic package in an application where the 
ambient temperature 
is never expected to 


rise above 5O°C, and the output current at the 
8 outputs, when on, are 100, 40, 50, 200, 15, 
30,80, 
and 10mA, we find from the graph of 


output voltage vs load current that the output 
voltages are expected to be about 0.92, 0.75, 
0.78,1.04,0.5,0.7,0.9, 
and 0.4V, 


respectively. Total device power due to these 
loads is found to be 473.5mW. Adding the 
250mW due to the power supply brings total 
device power dissipation to 723.5mW. The 
thermal resistances are 83°C per W for 
plastic packages and 100°C per W for 
Cerdips. Using the equations above we find: 


Plastic tR=83xO.7235=60°C 
Plastic tJ=50+60=lOO°C 
Cerdip tR=100xO.7235=72.40°C 
Cerdip t.J=50+72.4=122.4°C 


Thus we find that t.Jfor either package is 
below the 165°C maximum and either 
package could be used in this application. 
The graphs of total load power vs ambient 
temperature 
would also give us this same 


information, although interpreting the graphs 
would not yield the same accuracy. 
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Section 8 
Display Drivers 


NE58? 


NE/SA594 


DESCRIPTION 
The NES87 is a latch/decoder/driver 
for 
7-segment common anode LED displays. 
The NES87 has a programmable 
current 
output up to SOmA which is essentially 
independent 
of output voltage, power supply 
voltage, and temperature. 
The data (BCD) 
inputs and IT (latch enable) input are 
low-loading 
so that they are compatible with 


any data bus system. The 7-segment 
decoding is implemented 
with a ROM so that 
alternative fonts can be made available. 


• Latched BCD inputs 


• Low loading bus-compatible 
inputs 


• Ripple-blanking 
on leading- and/or 


trailing-edge 
zeros 


• Digital panel motors 


• Measuring instruments 


• Test equipment 


• Digital clocks 


• Digital bus monitoring 


llBI 
(5) 


Do 
(7) 


D, 
(1) 


D2 
(2) 


D3 
(6) 


IT 
(3) 


Ip 
(8) 


GND 
(0) 


• 
(15) 


b (14) 


C (13) 


d (12) 


• 
(11) 


f 
(17) 


9 (16) 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


2O-Pin Plastic SOL 
o to +70°C 
NES87D' 


18-Pin Plastic DIP 
o to +70°C 
NES87N 


Ip 
8 


DIG 
GND 
9 


13 
d 


12 
Ip 


DIG GND 
' 


ABSOLUTE 
MAXIMUM 
RATINGS 


TA=25°C unless otherwise specified. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
-0.5 to +7 
V 


V1N 
Input voltage 
-0.5 to +15 
V 
(00-03, IT, RBI) 


VOUT 


Output voltage 
-0.5 to +7 
V 
(a-g, RBO) 


PD 
Power dissipation 
(25°C) 1 
1000 
mW 


TA 
Ambient temperature 
range 
o to 70 
°C 


TJ 
Junction temperature 
150 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Derate power dissipation as indicated 


N package-95°CIW 
above 55°C 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=4.75 
to 5.25V, O°C < TA < 70°C. Typical values are at Vcc=5V, TA=25°C, Rp=1kQ (±1%), unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Vcc 
Operating 
supply voltage 
4.75 
5.00 
5.25 
V 


V1H 
Input high voltage 
All inputs except BT 
2.0 
15 
V 


BT 
2.0 
5.5 


V1L 
Input low voltage 
0.8 
V 


VIC 
Input clamp voltage 
I'N=-12mA, TA=25°C 
-1.5 
V 


Inputs 00-03, IT, RBI 
J.!A 


V,N=2.4V 
1.0 
10 


IIH 
Input high current 
V1N=15V 
15 
15 


InputBT (Pin 4) 
10 
100 
J.!A 


RBI=H 


V1N=Vcc=5.25V 


V1N=0.4V,Inputs 00-03 
-5 


IlL 
Input low current 
IT, RBI 
-200 
J.!A 


InputBT 


Vcc=5.25V 
-{).7 
mA 


RBI=H, VIN=0.4V 


VOL 
Output low voltage 
OutputmlO 
0.2 
0.5 
V 


louT=3.0mA 


OutputmlO 


VOH 
Output high voltage 
IOUT=-50J.!A 
3.5 
4.5 
V 


RBI=H 


lOUT 
Output segment 
Outputs "a" through "g" 
20 
25 
30 
mA 


"ON" current 
VouT=2.0V 


"'louT 
Output current ratio 
With reference to "b" segment 
0.90 
1.00 
1.10 


(all outputs ON) 
VouT=2.0V 


Output segment 
Outputs "a" through "g" 


10FF 
"OFF" current 
VOUF5.0V 
20 
250 
J.!A 


Vcc=5.25V 


Icco 
Supply current 
All outputs "ON" 
33 
55 
mA 


VOUT>lV 


Vcc=5.25V 


Icci 
Supply current 
All outputs blanked 
50 
70 
mA 
NOTES: 
NE587 Programming: 
The NE587 output current can be programmed, 
provided a program resistor, Rp, be connected 
between Ip (Pin 8) and Ground (Pin 9). The 
voltage at Ip (Pin 8) is constant (=1.3V). Thus, a current through Rp is Ip = 1.3V/Rp, as shown in Figure 5. Idlp is 20 in the 15 to SOmA output 
current range. 


AC ELECTRICAL 
CHARACTERISTICS 


Vcc=5V, TA=25°C, RL=130n, 
CL=30pF including probe capacity. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


tOAV 


Propagation 
delay 
From data to output 
135 
ns 
Figure 2 


tOAV 


Propagation 
delay 
From IT to output 
135 
ns 
Figure 3 


tw 


Latch enable pulse width 
30 
ns 
Figure 4 


ts 
Latch enable setup time 
From data to IT 
20 
ns 
Figure 4 


Latch enable hold time 
From IT to data 
0 
tH 
Figure 4 
ns 


NOTES: 
tOAV=(tHL+tLH) 


BINARY 
INPUTS 
OUTPUTS 
DISPLAY 
INPUT 


I:E 
JmI 
03 
O2 
0, 
Do 
a 
I 
b 
c 
I 
d 
I 
e 
I 
f 
9 
rom 


H 
" 
X 
X 
X 
X 
STABLE 
"" 
STABLE 


0 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
L 
BLANK 


0 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
0 


1 
L 
X 
L 
L 
L 
H 
H 
L 
L 
H 
H 
H 
H 
H 
1 


2 
L 
X 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
L 
H 
2 


3 
L 
X 
L 
L 
H 
H 
L 
L 
L 
L 
H 
H 
L 
H 
3 


4 
L 
X 
L 
H 
L 
L 
H 
L 
L 
H 
H 
L 
L 
H 
4 


5 
L 
X 
L 
H 
L 
H 
L 
H 
L 
L 
H 
L 
L 
H 
5 
6 
L 
X 
L 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
H 
6 


7 
L 
X 
L 
H 
H 
H 
L 
L 
L 
H 
H 
H 
H 
H 
7 
8 
L 
X 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
8 
9 
L 
X 
H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
H 
9 


10 
L 
X 
H 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 
H 
- 
11 
L 
X 
H 
L 
H 
H 
L 
H 
H 
L 
L 
L 
L 
H 
E 


12 
L 
X 
H 
H 
L 
L 
H 
L 
L 
H 
L 
L 
L 
H 
H 
13 
L 
X 
H 
H 
L 
H 
H 
H 
H 
L 
L 
L 
H 
H 
L 
14 
L 
X 
H 
H 
H 
L 
L 
L 
H 
H 
L 
L 
L 
H 
P 
15 
L 
X 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Blank 
""BI 
X 
X 
X 
X 
X 
X 
H 
H 
H 
H 
H 
H 
H 
L"" 
Blank 


NOTES: 
H=HIGH voltage level, output is "OFF" 
L=LOW voltage level, output is "ON" 
X=Don't care 
" The "RBT will blank the display only if a binary zero is stored in the latches. 
"""RBD7ST used as an input overrides all other input conditions. 


NE587 
PROGRAMMING 
58? output current can be programmed 
by 
using a programming 
resistor. RP, connected 
between RP (Pin 8) and GND (Pin 9). The 
voltage at RP (Pin 8) is constant 
(K 1.40V). A 


partial schematic of the voltage reference 
used in the NE58? is shown in Figure 1. 


Output current to program current ratio, Ia/lp. 
is 20 in the 15mA to 50mA range. Note that Ip 
must be derived from a resistor (Rp). and not 
from a high-impedance 
source such as an 


lOUTDAC used to control display brightness. 
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POWER 
DISSIPATION 


CONSIDERATIONS 
D displays are power-hungry 
devices. and 
inevitably, somewhat inefficient in their use of 
the power supply necessary 
to drive them. 


Duty cycle control does afford one way of 
improving display efficiency, provided that the 
LEDs are not driven too far into saturation; 
but the improvement 
is marginal. Operation 
at higher peak currents has the added 
advantage of giving much better matching of 
light output, both from segment-to-segment 
and digit-to-digit. 


An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large-size LED digits. When 
designing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant-current 
source, all the remaining 
supply voltage, which is not dropped across 
the LED (and the digit driver, if used). will 
appear across the output. Thus. the power 
dissipation will go up sharply If the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display 
supply voltage as low as possible, consistent 
with proper operation of the supply output 
current sources. Inserting a resistor or diode 
in series with the display supply is a good 
way of reducing the power dissipation within 
the integrated circuit segment driver, 
although, of course. total system power 
remains the same. 


Power dissipation 
may be calculated as 


follows. Referring to Figure 6, the two system 
power supplies are Vcc and Vs. In many 
cases, these will be the same voltage. 
Necessary parameters are: 


Vcc 
Supply voltage to driver 
Vs 
Supply voltage to display 


Icc 
Quiescent 
supply current of 


driver 
ISEG 
LED segment current 
VF 
LED segment forward voltage 
atlsEG 


KDC 
% Duty cycle 


VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward 
voltage drops should be obtained from the 
LED display manufacturer's 
literature for the 


peak segment current selected; however, 
approximate 
voltages at nominal rated 
currents are: 


Red 
Orange 
Yellow 
Green 


1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 


These 
voltages 
are all for single-diode 
displays. 
Some 
early red displays 
had 2 


series 
LEOs per segment; 
hence 
the forward 
voltage 
drop was around 
3.5V. 


Thus, a maximum 
power 
dissipation 
calculation 
when all segments 
are on, is: 


Po = Vee x Ice + (Vs - 
VF) x 7 x ISEG 


x KocmW 


Assuming 
Vs = Vcc = 5.25V 
VF = 2.0V 
Koc= 
100% 


Po MAX= 5.25 x 50 + 3.25 x 7 x 30mW 
= 945mW 


Supply 
Current 
vs Supply 
Voltage 
Output 
Current 
vs Output 
Voltage 
Normalized 
Output 
Current 
vs 
Rp=1kQ 
Temperature 
Vcc = 5.0V 
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SO.O 
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10.0 
"- ........-- 
95 
0 
4.0 
4.5 
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NOTE: 
Decoupllng capacitor on VCC should be O.01).1.Fceramc. 


Figure 5.. Driving a Single 


Ig 


TYPICAL PERFORMANCE 
CURVES 


However, the average power dissipation will 
be considerably 
less than this. Assuming 5 


segments are on (the average for all output 
code combinations), 
then 


Po MAX= 5.0 x30 
+ 3.00 x5 x 25mW 
= 525mW 


Operating temperature 
range limitations can 


be deduced from the power dissipation graph. 
(See Typical Performance 
Characteristics.) 


However, a major portion of this power 
dissipation (Po MAX)is because the current 
source output is operating with 3.25V across 
it. In practice, the outputs operate 
satisfactorily 
down to 0.5V, and so the extra 
voltage may be dropped external to the 
integrated circuit. 


Suppose the worst-case 
VccNs 
supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from Vcc to Vs. The value of this 
resistor is calculated 
by: 


Rs = ~ 
- 
100 (2. W rating) 


7 x /SEG 
2 


assuming worst case ISEGof 30mA. 


Hence now 


Po MAX= Vcc x Icc + 


(Vs - Vv- Rxx7 
x IsEG) 


x 7 x ISEGx Koc 
= 5.25 x 50 + 1.25 x 


7x30mW 


= 525mW 


and 


Po av= 5.0 x 30 + 1.25 x 5 x 25 


= 306 mW. 


If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of "ON" segments and will be 
equal to 


VS-VF-nVd, 
Vo= 
O.BV 


Where n is the number of diodes used, power 
dissipation can be calculated in a similar 
manner. 


In a multiplexed 
display system, the voltage 


drop across the digit driver must also be 
considered 
in computing device power 


dissipation. 
It may even be an advantage to 


use a digit driver which drops an appreciable 
voltage, rather than the saturating 
PNP 


transistors 
shown in Figure 9. For example a 


Darlington 
PNP or NPN emitter-follower 
may 


be preferable. 
Figure B shows the NE591 as 


the digit driver in a multiplexed 
display 


system. The NE591 output drops about 1.BV 
which means that the power dissipation is 
evenly distributed between the two integrated 
circuits. 


Where Vs and Vcc are two different supplies, 
the Vs supply may be optimized 
for minimum 


system power dissipation and/or cost. 
Clearly, good regulation in the Vs supply is 
totally unnecessary, 
and so this supply can 


be made much cheaper than the regulated 
5V supply used in the rest of the system. In 
fact, a simple unsmoothed 
full-wave rectified 


sine wave works extremely well if a slight loss 
in brightness can be tolerated. A transformer 
voltage of about 3-4.5VRMS works well in 
most LED display systems. Waveforms are 
shown below: 


The duty cycle for this system depends upon 
Vs, VF and the output characteristics 
of the 


display driver. 


With 
Vs = 4.9V peak 
VF = 2.0V 


The duty cycle is approximately 
60%. 
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DESCRIPTION 
The NElSA594 
is a display driver interface for 
vacuum fluorescent 
displays. The device is 
comprised of 8 drivers and a bias network, 
and is capable of driving the digits and/or 
segments of most vacuum fluorescent 
displays. 


The inputs are designed to be compatible 
with TIL, 
DTL, NMOS, PMOS or CMOS 


output circuitry. 


There is an active pull-<lown circuit on each 
output so that display ghosting is minimized 
and no external components 
are required for 
most fluorescent 
display applications. 


• Digit and/or segment drivers 


• Active output pull-<lown circuitry 


• High output breakdown voltage 


• Low supply voltage 


• Input compatible with all logic outputs 


• Digital clocks 


• Dashboard displays 


• Panel displays 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDERCOOE 


18-Pin Plastic DIP 
Oto+70°C 
NE594N 


18-Pin Ceramic DIP 
o to +70°C 
NE594F 


20-Pin 
Plastic SO 
Oto+70°C 
NE594D 


18-Pin 
Plastic DIP 
-40°C 
to +85°C 
SA594N 


18-Pin Ceramic DIP 
-40°C 
to +85°C 
SA594F 


OUT3 


OUT4 


OUT 
5 


OUT6 


OUT7 


OUTS 


v+ 


0' Package 


OUT 1 


'9 
OUT2 


'9 
OUT3 


17 
OUT4 


16 
OUT5 


15 
OUT6 


'4 
OUT7 


13 
OUTS 


12 
v+ 


11 
Ne 


TOP VIEW 
NOTE: 
,. SOl- 
Released 
in large SO package 
only. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
45 
V 


VOUT 
Output voltage 
Vcc 


V1N 
Input voltage 
-D.3, +20 
V 


Output current 


lOUT 
Each output 
50 
mA 


All outputs 
200 
mA 


Maximum power dissipation, 


TA=25°C (still-air) 
1 


PD 
F package 
1500 
mW 
N package 
1690 
mW 
D package 
1390 
mW 


Operating ambient temperature 
range 


TA 
NE594 
o to 70 
°C 


SA594 
-40 to +85 
°C 


TSTG 
Storage temperature 
range 
+65 to +150 
°C 


TJ 
Maximum junction temperature 
-150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


F package at 12.0mW/oC 
N package at 13.5mW/oC 
D package at 11.1mWt'C 


Philips Semiconductors-Signetics 
Linear Products 


Vacuum fluorescent display driver 


VCC +4.75 to +40V, TA97tO70 


0 
e (NE 
" TA 
-40 to +85°e (SA), unless otherwise stated. 
~ 


SYMBOL 
pA'AMETE~ 1 
TEST CONDITIONS 
L1M!JS 
; UNIT 


,...----1 
Min 
Typ 
Max 


nge 


Vcc 
Supply voltage ra, ~, 
4.75 
35 
40 
V 


IccH 
Supply current (all 
vts high) 
Vcc=40V, VIN=3.5V 
3 
6 
mA 


ICCL 
Supply current (all OL 
.ts low) 
Vcc=40V, V1N=0.4V 
0.4 
t 
~ 
mA 


VIN 
Input voltage range 
0 
-" 
1!}'l"; 
V 


VIH 
Input voltage to ensure logic "1' 
2.6 
. 
,V 


V1L 
Input voltage to ensure logic "0' 
0.8 
V 


IIH 
Input current to ensure logic "1' 
100 
l!A 


IlL 
Input current to ensure logic "0' 
10 
l!A 


IIN 
Input current 
VIN=2.6V 
60 
130 
l!A 


-'" 
V1N=5.0V 
180 
330 
l!A 


V1N=15.0V 
.68 
1.3 
mA 


VOH 
Output high voltage 
VIN=3.5V 
TA=25°e 
Vcc-1.5 
Vcc-1.1 
V 
louT~25mA 


Over temp. 
Vcc-2 
Vcc -1.3 
V 


VOUTwith respect to Vcc 


V1N=3.5V, 


VOH 
Output high, no load voltage 
louT=O, TA=25°e, 
Vcc-1 
Vcc -{J.8 
V 
VOUTwith respect to Vcc 


VOFF 
Output 'OFF' voltage level 
V1N=0.8V, 
10 
200 
mV 
lour=O 


IOH 
Available output current 
Vcc=35V, V1N=3.5V, 
-35 
mA 
Vour-30V, 
TA=25°e 


louT 
Output pulldown current 
Vcc=VouT=35V, 
100 
200 
400 
l!A 
Inputs open 


ICEX 
Output leakage current 
TA=25°e, VIN=O.4V 
-1 
l!A 
Vcc=40V, VOUT=OV 
-1 


AC ELECTRICAL 
CHARACTERISTICS 


Vcc=35V, TA=25°e 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


tPLH 
Propagation delay-Iow-to-bgh 
output transition 
50% V1Nto 50% VOUT 
1 
5 
Ils 


tpHL 
Propagation delay-high-to-low 
output transition 
50% V1Nto 50% VOUT 
3 
10 
Ils 


tA 
Output rise time 
10% VOUTto 90% VOUT 
0.5 
3 
Ils 


tF 
Output fall time 
90% VOUTto 10% VOUT 
1.5 
5 
Ils 


......\ 


TA = 250c 


\ 
\ 


Vcc -2 


VOUT 


(V) 


Vcc = 40V 
r--- 
- 


20 
30 
40 


VCC(V) 
--+ 


<;1Ji<I 
j 
'"I~ ¥;>~;or:-''Il::l~J''';1Jf 
..•.. 


\, 
+12V 


10 


MI~ 
N.O. 
SET 
22 
11 
ALARM 
HOU~ 
N.O. 
12 
OFF 
SET 


ALARM -1 
N.O. 


SET 


+12V 


2. 
• 
9 
2 
27 
26 


5 
8 


6 
7 
28 
1 


Section 9 
Analog-to-Digital 
Converters 


Symbols and definitions for analog-to-digital 
converters 
........•••....•.... 
370 


ADC0803/4-1 
CMOS 8-bit AID converters 
371 


NE5037 


PCF8591 


TDA8703T 


TDA8706 


TDA1534 


TDA8708 


TDA8709 


TDA8713 


TDA8715 


TDE8715D 


ADC0820 
8-Bit, high-speed, fLP-compatible AID converter 
with track/hold function 
. 
. . . . . . . . . . . 
. . . 384 


6-Bit AID converter (parallel outputs) 
... 
397 


8-Bit AID and D/A converter. 
. . . . . . . . . . . . 
. . 405 


8-bit high-speed analog-to-digital 
converter 
. . . . 422 


6-Bit analog-to-digital 
converter with multiplexer 
and clamp 
435 


14-bit analog-to-digital 
converter 
445 


Video analog interface for composite luminance 
. 452 


Video analog interface for chroma input 
465 


8-bit high-speed analog-to-digital 
converter 
478 


8-bit high-speed analog-to-digital 
converter. 
. . 491 


8-bit high-speed 
analog-to-digital 
converter (Mil. temp.) 
502 


Absolute 
Accuracy 
Error 


Absolute Accuracy 
Error at a given output 


code is the difference between the theoretical 
analog input voltage required to produce a 
given output code and the actual analog input 
voltage required to produce the same code. 
Since the same output code is produced by a 
finite band of input voltages, the "analog input 
voltage required" is defined as the midpoint of 
the band of input voltages that will produce 
that code .. 


Absolute accuracy error includes gain error, 
offset error and relative accuracy error and is 
typically expressed 
in LSBs or in percent of 
full-scale range (FSR). 


Conversion 
Time 


Conversion Time is the time required for a 
conversion 
cycle to be completed while 


meeting the specification. 


Differential 
Linearity 
Error 
Differential Linearity Error of an ADC is the in 
the analog value of code width between 
adjacent digital codes over the full range of 
digital output values. 


Full-Scale 
Range 
(FSR) 
The Full-Scale Range (FSR) of an ADC is the 
scale factor that determines 
the nominal 


conversion 
relationship; 
e.g., 2.5V span for a 
full-scale change in a fixed reference 


converter. 


In a unipolar ADC of n bits, the ideal first 
code transition occurs at FSR x 2-N x 1/2 and 
the final code transition occurs at FSR x 
(1-2-N 
x 3/2). The ideal code transition from 


code C-1 to C occurs at FSR x (C-1/2) 
x 


1/2N 


In a bipolar ADC, the ideal first code 
transition occurs at FSR x (2N-1) 
x 1/2 and 
the final code transition occurs at FSR x (1-3 
x 2-N) x 1/2. 


Symbols and definitions for 
analog-to-digital 
converters 


(ADCs) 


Gain Error 
Gain Error is the deviation between the ideal 
and actual analog input voltage to cause the 
final code transition to a full-scale output 
code after nulling offset error. 
It is usually 


expressed in LSBs or in percent of FSR. 


Integral 
Non-Linearity 
Same as Relative Accuracy. 


Least 
Significant 
Bit 
The Least Significant Bit (LSB) is the 
lowest-order 
bit and carries the smallest 


weight. 
In an n-bit ADC, the weight of the 
LSB is FSR/(2N-1). 
It is the smallest change 
that can be resolved by an n-bit ADC. 


Missing 
Code 
A missing code is a code combination 
that 
does not appear at the ADC's output. 


Most Significant 
Bit 
The Most Significant 
Bit (MSB) is the highest 
order bit and carries the most weight. 
The 
weight of the MSB is 1/2 the full-scale range 
of the ADC. 


Offset 
Error (Unipolar 
and 
Bipolar) 
In an ADC, unipolar offset is the difference 
between the actual analog input voltage that 
causes the first code transition point and the 
ideal value to cause the first code transition, 
which is 1/2 LSB above analog ground. 
Similarly for bipolar offset, it is the difference 
between the actual analog input voltage that 
causes the code transition from 1 LSB below 
half-scale to half-scale and the ideal analog 
value to cause the same code transition 
which is 1/2 LSB above Analog Ground 


Power 
Supply 
Sensitivity 
The Power Supply Sensitivity of an ADC is 
the change in the code transition points with 


changes in the DC power supply voltages. 
It 
is usually expressed 
in LSBsN 
or in %FSRIV. 


Quantization 
Error 


ADCs of any resolution exhibit an inherent 
quantization 
uncertainty 
of ±1/2 LSB. This 


uncertainty is a fundamental 
characteristic 
of 


the quantization 
process and cannot be 


eliminated. 


Relative 
Accuracy 


Relative Accuracy 
Error is the deviation of the 


ADCs actual code transition points from the 
ideal code transition points on a straight line 
which connects the ideal first code transition 
point and the final code transition point, after 
nulling the offset error and gain error. 
It is 


generally expressed 
in LSBs or in percent of 
FSR. 


Resolution 
Resolution of an ADC is the number of bits at 
its output. 
The number of output states is 2N 


where N is the resolution of the converter. 


Temperature 
Coefficients 


In general, Temperature Coefficients 
are 


expressed either in ppm/oC or in LSBs/oC or 
as a change in the specified parameter over 
the temperature 
range. 
Measurements 
are 


usually made at room temperature 
and at the 


temperature 
extremes of the specified 
temperature 
range; the Temperature 


Coefficient is defined as the change in the 
parameter from its room temperature 
value 


divided by the corresponding 
temperature 


change. 


DESCRIPTION 
The ADC0803 family is a series of three 
CMOS 8-bit successive 
approximation 
AID 
converters using a resistive ladder and 
capacitive array together with an auto-zero 
comparator. These converters 
are designed 
to operate with microprocessor-controlled 
buses using a minimum of external circuitry. 
The 3-State output data lines can be 
connected directly to the data bus. 


The differential analog voltage input allows 
for increased common-mode 
rejection and 


provides a means to adjust the zero-scale 
offset. Additionally, 
the voltage reference 
input provides a means of encoding small 
analog voltages to the full 8 bits of resolution. 


• Compatible with most microprocessors 


• Differential inputs 


• 3-State outputs 


• Logic levels TTL and MaS compatible 


• Can be used with internal or external clock 


• Analog input range OV to VCC 


• Single 5V supply 


• Guaranteed 
specification with 1MHz clock 


• Transducer-to-microprocessor 
interface 


• Digital thermometer 


• Digitally-controlled 
thermostat 


vcc 
CLKR 


DO 


01 


02 


03 


04 


05 


06 


11 
07 


• Microprocessor-based 
monitoring and 


control systems 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Plastic DIP 
-40 to +85°C 
ADC0803/04-1 
LCN 


20-Pin Plastic DIP 
o to 70°C 
ADC0804-1 
CN 


20-Pin Plastic SO 
o to 70°C 
ADC0803/04-1 
CD 


20-Pin Plastic SO 
-40 to 85°C 
ADC0803/04-1 
LCD 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
6.5 
V 


Logic control input voltages 
-0.3 to +16 
V 


All other input voltages 
-0.3 to 
V 
(Vcc +0.3) 


TA 
Operating temperature 
range 


ADC0803/04-1 
LCD 
-40 to +85 
°C 


ADC0803/04-1 
LCN 
-40 to +85 
°C 


ADC0803/04-1 
CD 
o to +70 
°C 


ADC0804-1 
CN 
o to +70 
°C 


Tsm 
Storage temperature 
-65 to +150 
°C 


TsoLD 
Lead soldering temperature 
(10 seconds) 
300 
°C 


PD 
Maximum power dissipation 
TA=25°C (still air) 1 


N package 
1690 
mW 


D package 
1390 
mW 


NOTES: 
1. 
Derate above 25°C, at the following rates: 
N package at 13.5mW/oC 
D package at 11.1mWrC 


<;i6 
<;> 7 


~ 


09 


~ 
LADDER 
AND 
AUTO 
ZERO 


09 
DECODER 


I 
7 
1 


20 
- ~ 
-- ~ 
OUTPUT 
- 


LATCHES 
- ~ 
SAR 
-- ~ 
10 
- 


0 
l 
II 


LEi 
OE 


~ 
3 
0 
8-BIT 
SHIFT 
REGISTER 
CLOCK 


1 
L 


~ 


0- -< 


S 


INTR 
~ 


FF 
R 
"0_ 


2 
0 


5 
4 
19 


D7 
(MSB) 
(11) 


06 
(12) 


OS 
(13) 


D4 
(14) 


03 
(15) 


02 
(16) 


01 
(17) 


DO 
(LSB) 
(19) 


DC ELECTRICAL CHARACTERISTICS 
vcc = 5.0V, fCLK= 1MHz, TMINS TA S TMAX,unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
ADC0803/4 
UNIT 


Min 
Typ 
Max 


ADC0803 
relative accuracy error (adjusted) 
Full-Scale adjusted 
0.50 
LSB 


ADC0804 
relative accuracy error (unadjusted) 
VREF/2= 2.500Voc 
1 
LSB 


RIN 
VREF/2input resistance 
Vcc = OV2 
400 
680 
n 


Analog input voltage range 
-{).05 
Vcc+0.05 
V 


DC common-mode 
error 
Over analog input voltage range 
1/16 
1/8 
LSB 


Power supply sensitivity 
Vcc = 5V ±100/0' 
1/16 
LSB 


Control inputs 


VIH 
Logical "1" input voltage 
Vcc = 5.25Voc 
2.0 
15 
Voc 


VIL 
Logical "0" input voltage 
Vcc = 4.75Voc 
0.8 
Voc 


IIH 
Logical "1" input current 
VIN = 5Voc 
0.005 
1 
JlAoc 


IlL 
Logical "0" input current 
VIN = OVoc 
-1 
-{).005 
JlAoc 


Clock In and clock R 


VT+ 
Clock in positive-going 
threshold voltage 
2.7 
3.1 
3.5 
Voc 


V, 
Clock in negative-going 
threshold voltage 
1.15 
1.8 
2.1 
Voc 


VH 
Clock in hysteresis 
(VT+)-(V,) 
0.6 
1.3 
2.0 
Voc 


VOL 
Logical "0" clock R output voltage 
IOL= 360JlA, Vcc = 4.75Voc 
0.4 
Voc 


VOH 
Logical "1" clock R output voltage 
IOH= -360JlA, 
Vcc = 4.75Voc 
2.4 
Voc 
Data output and 1NTR 


VOL 
Logical "0" output voltage 


Data outputs 
IOL= 1.6mA, Vcc = 4.75Voc 
0.4 
Voc 


TNTR outputs 
IOL= 1.0mA, Vcc = 4.75Voc 
0.4 
Voc 


VOH 
Logical "1" output voltage 
IOH= -360JlA, Vcc = 4.75Voc 
2.4 
Voc 


IOH= -10JlA, Vcc = 4.75Voc 
4.5 
Voc 


IOZL 
3-state output leakage 
VOUT= OVoc, CS = logical "1" 
-3 
JlAoc 


lozH 
3-state output leakage 
VOUT= 5Voc, CS = logical "1" 
3 
JlAoc 


Isc 
+Output short-circuit 
current 
VOUT= OV,TA = 25°C 
4.5 
12 
mAoc 


Isc 
-Output 
short-circuit 
current 
VOUT= Vcc, TA = 25°C 
9.0 
30 
mAoc 


Icc 
Power supply current 
fCLK= 1MHz, VREF/2= OPEN, 
3.0 
3.5 
mA 
CS = Logical "1", TA = 25°C 


NOTES: 
1. Analog inputs must remain within the range: -{).05 S V1NS Vcc + 0.05V. 
2. 
See typical performance 
characteristics 
for input resistance at Vcc = 5V. 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDITIONS 
ADC0803/4 
UNIT 


Min 
Typ 
Max 


Conversion time 
fCLK=1MHzl 
66 
73 
Jls 


fCLK 
Clock frequency 1 
0.1 
1.0 
3.0 
MHz 


Clock duty cycle 1 
40 
60 
% 


CR 
Free-running 
conversion 
rate 
'CS'=O,fCLK=1MHz 
13690 
conv/s 
rnTR tied to WR 


tw(WR)L 
Start pulse width 
'CS'=O 
30 
ns 


tACC 
Access time 
Output 
'FlU 
'CS'=O,CL=100pF 
75 
100 
ns 


t'H, tOH 
3-State con tro I 
Output 
'FlU 
CL=10pF, RL=10kQ 
70 
100 
ns 
See 3-State test circuit 


tw" 
tA' 
rnTR delay 
rnTR 
WIT 
or 'FlU 
100 
150 
ns 


CIN 
Logic input=capacitance 
5 
7.5 
pF 


COUT 
3-State output capacitance 
5 
7.5 
pF 


NOTES: 
1. Accuracy is guaranteed 
at fCLK=1MHz. Accuracy may degrade at higher clock frequencies. 


FUNCTIONAL DESCRIPTION 
These devices operate on the Successive 
Approximation 
principle. Analog switches are 
closed sequentially 
by successive 
approximation 
logic until the input to the 
auto-zero comparator 
[V1N(+)-V1N(-) J 
matches the voltage from the decoder. After 
all bits are tested and determined, 
the 8-bit 
binary code corresponding 
to the input 
voltage is transferred 
to an output latch. 
Conversion 
begins with the arrival of a pulse 
at the WR input if the CS input is low. On the 
High-to-Low 
transition of the signal at the WR 


or the CS input, the SAR is initialized, the 
shift register is reset, and the rnTR output is 
set high. The AID will remain in the reset 
state as long as the 'CS'and WR inputs 
remain low. Conversion 
will start from one to 


eight clock periods after one or both of these 
inputs makes a Low-to-High 
transition. After 


the conversion 
is complete, the rnTR pin will 


make a High-to-Low 
transition. This can be 
used to interrupt a processor, or otherwise 
signal the availability 
of a new conversion 
result. A read ('FlU) operation (with 'CS'low) 
will clear the rnTR line and enable the output 
latches. The device may be run in the 
free-running 
mode as described later. A 


conversion 
in progress can be interrupted by 
issuing another start command. 


Digital Control Inputs 
The digital control inputs (CS, WR, 'FlU) are 
compatible with standard TTL logic voltage 
levels. The required signals at these inputs 
correspond 
to Chip Select, START 


Conversion, 
and Output Enable control 
signals, respectively. 
They are active-Low 
for 
easy interface to microprocessor 
and 
microcontroller 
control buses. For 


applications 
not using microprocessors, 
the 


'CS'input (Pin 1) can be grounded and the 
AID START function is achieved by a 
negative-going 
pulse to the WR input (Pin 3). 


The Output Enable function is achieved by a 
logic low signal at the 'FlU input (Pin 2), which 
may be grounded to constantly have the 
latest conversion present at the output. 


Analog Input Current 
The analog comparisons 
are performed by a 
capacitive charge summing circuit. The input 
capacitor is switched between V1N(+)4and 
V1N(_),while reference capacitors are switched 
between taps on the reference voltage divider 
string. The net charge corresponds 
to the 


weighted difference between the input and 
the most recent total value set by the 
successive approximation 
register. 


The internal switching action causes 
displacement 
currents to flow at the analog 
inputs. The voltage on the on-chip 
capacitance 
is switched through the analog 
differential input voltage, resulting in 
proportional 
currents entering the V1N(+)input 
and leaving the V1N(_)input. These transient 
currents occur at the leading edge of the 
internal clock pulses. They decay rapidly so 
do not inherently cause errors as the on-chip 
comparator 
is strobed at the end of the clock 
period. 


Input Bypass Capacitors and 
Source Resistance 
Bypass capacitors at the input will average 
the charges mentioned above, causing a DC 


and an AC current to flow through the output 
resistance of the analog signal sources. This 
charge pumping action is worse for 
continuous 
conversions 
with the V1N(+)input 
at full scale. This current can be a few 
microamps, 
so bypass capacitors should 
NOT be used at the analog inputs of the 
VAEF/2 input for high resistance 
sources (> 


1kQ). If input bypass capacitors are desired 
for noise filtering and a high source 
resistance is desired to minimize capacitor 
size, detrimental 
effects of the voltage drop 
across the input resistance can be eliminated 
by adjusting the full scale with both the input 
resistance and the input bypass capacitor in 
place. This is possible because the 
magnitude of the input current is a precise 
linear function of the differential voltage. 


Large values of source resistance where an 
input bypass capacitor is not used will not 
cause errors as the input currents settle out 
prior to the comparison 
time. If a low pass 
filter is required in the system, use a low 
valued series resistor 
« 
1kQ) for a passive 


RC section or add an op amp active filter (low 
pass). For applications 
with source 


resistances 
at or below 1kQ, a 0.1JlF bypass 


capacitor at the inputs will prevent pickup due 
to series lead inductance 
or a long wire. A 
100Q series resistor can be used to isolate 
this capacitor (both the resistor and capacitor 
should be placed out of the feedback loop) 
from the output of the op amp, if used. 


Analog Differential Voltage Inputs 
and Common-Mode Rejection 
These AID converters 
have additional 


flexibility due to the analog differential voltage 
input. The V1N(.)input (Pin 7) can be used to 


subtract a fixed voltage from the input 
reading (tare correction). This is also useful in 
a 4/20mA 
current loop conversion. 
Common-mode 
noise can also be reduced by 
the use of the differential 
input. 


The time interval between sampling 
V1N(+) 
and VIN(.) is 4.5 clock periods. The maximum 
error due to this time difference is given by: 


V(max)=(Vp) 
(2fcM) (4.5/fcLK), 


where: 


V=error 
voltage due to sampling delay 


Vp=peak value of common-mode 
voltage 


fCM=common mode frequency 


For example, with a 60Hz common-mode 
frequency, fern,and a 1MHz AID clock, FCLK, 
keeping this error to 1/4 LSB (about5mV) 
would allow a common-mode 
voltage, Vp, 
whiclh is given by: 


Vp = [V{max) 
(fCLK) 


(2fcM)(4.5) 


Vp = (5 x 10-3) (104) 
= 2.95 V 
(6.28) (60) (4.5) 


The allowed range of analog input voltages 
usually places more severe restrictions on 
input common-mode 
voltage levels than this, 
however. 


An analog input span less than the full 5V 
capability of the device, together with a 
relatively large zero offset, can be easily 
handled by use of the differential 
input. (See 
Reference 
Voltage 
Span Adjust). 


Noise and Stray 
Pickup 
The leads of the analog inputs (Pins 6 and 7) 
should be kept as short as possible to 
minimize input noise coupling and stray 
signal pick-up. Both EMI and undesired 
digital signal coupling to these inputs can 
cause system errors. The source resistance 
for these inputs should generally be below 
5kQ to help avoid undesired noise pickup. 
Input bypass capacitors at the analog inputs 
can create errors as described 
previously. 
Full scale adjustment 
with any input bypass 
capacitors 
in place will eliminate these errors. 


Reference 
Voltage 
For application flexibility, these AID 
converters have been designed to 
accommodate 
fixed reference voltages of 5V 
to Pin 20 or 2.5V 
to Pin 9, or an adjusted 


reference voltage at Pin 9. The reference can 
be set by forcing it at VREF/2 input, or can be 
determined 
by the supply voltage (Pin 20). 
Figure 1 indicates how this is accomplished. 


Figure 
2. 
Offsetting 
the 
Zero 
Scale 
and 
Adjusting the Input Range (Span) 


Reference 
Voltage 
Span Adjust 


Note that the Pin 9 (VREF/2)voltage is either 
1/2 the voltage applied to the Vcc supply pin, 
or is equal to the voltage which is externally 
forced at the VREF/2pin. In addition to 
allowing for flexible references and full span 
voltages, this also allows for a ratiometric 
voltage reference. The internal gain of the 
VREF/2input is 2, making the full-scale 
differential input voltage twice the voltage at 
Pin 9. 


For example, a dynamic voltage range of the 
analog input voltage that extends from 0 to 


4V gives a span of 4V (4-0), so the VREF/2 
voltage can be made equal to 2V (half of the 
4V span) and full scale output would 
correspond 
to 4V at the input. 


On the other hand, if the dynamic input 
voltage had a range of 0.5to 
3.5V, 
the span 
or dynamic input range is 3V (3.5-0.5). To 
encode this 3V span with 0.5V 
yielding a 


code of zero, the minimum expected input 


(0.5V, 
in this case) is applied to the VIN(-) pin 
to account for the offset, and the VREF/2pin is 
set to 1/2 the 3V span, or 1.5V. The AID 
converter will now encode the VIN(+) 
signal 
between 0.5 and 3.5V 
with 0.5V 
at the input 


corresponding 
to a code of zero and 3.5V 
at 
the input producing a full scale output code. 
The full 8 bits of resolution are thus applied 
over this reduced input voltage range. The 
required connections 
are shown in Figure 2. 


Operating 
Mode 
These converters can be operated in two 
modes: 


1) absolute mode 
2) ratiometric mode 


In absolute mode applications. 
both the initial 
accuracy and the temperature 
stability of the 


reference voltage are important factors in the 
accuracy of the conversion. 
For VREF/2 


voltages of 2.5V, 
initial errors of ±10mV 
will 
cause conversion 
errors of ±1 LSB due to the 


gain of 2 at the VREF/2input. In reduced span 
applications, 
the initial value and stability of 
the VREF/2input voltage become even more 
important as the same error is a larger 
percentage of the VREP2 nominal value. See 
Figure 3. 


In ratiometric converter applications, 
the 
magnitude of the reference voltage is a factor 
in both the output of the source transducer 
and the output of the AID converter, and, 
therefore, cancels out in the final digital code. 
See Figure 4. 


Generally, the reference voltage will require 
an initial adjustment. 
Errors due to an 
improper reference voltage value appear as 
full-scale errors in the AID transfer function. 


ERRORS 
AND INPUT 
SPAN 


ADJUSTMENTS 
There are many sources of error in any data 
converter, some of which can be adjusted 
out. Inherent errors, such as relative 
accuracy, cannot be eliminated, 
but such 


errors as full-scale and zero scale offset 
errors can be eliminated quite easily. See 
Figure 2. 


Zero Scale 
Error 
Zero scale error of an AID is the difference of 
potential between the ideal 1/2 LSB value 


(9.8mV 
for VREF/2=2.500V) 
and that input 


voltage which just causes an output transition 
from code 0000 0000 to a code of 0000 0001. 


If the minimum input value is not ground 
potential, a zero offset can be made. The 
converter can be made to output a digital 
code of 0000 0000 for the minimum expected 
input voltage by biasing the VIN{-) input to 
that minimum value expected at the V1N{-) 
input to that minimum value expected at the 


V1N(+) 
input. This uses the differential mode 


of the converter. Any offset adjustment 
should be done prior to full scale adjustment. 


Full Scale Adjustment 
Full scale gain is adjusted by applying any 
desired offset voltage to VIN{ -), then applying 
the VIN(+) 
a voltage that is 1-1/2 
LSB less 


than the desired analog full-scale voltage 
range and then adjusting the magnitude of 
VREF/2input voltage (or the Vcc supply if 
there is no VREF/2input connection) 
for a 


digital output code which just changes from 
1111 1110 to 11111111. The ideal V1N(+) 
voltage for this full-scale adjustment 
is given 


by: 


VMAx=high end of analog input range 


(ground referenced) 


VM1N=low(zero offset) of analog input 


(ground referenced) 


CLOCKING 
OPTION 


The clock signal for these AIDs can be 
derived from external sources, such as a 
system clock, or self-clocking 
can be 


accomplished 
by adding an external resistor 
and capacitor, as shown in Figure 5. 


Heavy capacitive or DC loading of the ClK 
R 


pin should be avoided as this will disturb 
normal converter operation. 
loads 
less than 


50pF are allowed. This permits driving up to 
seven A/D converter ClK 
IN pins of this 
family from a single ClK 
R pin of one 
converter. For larger loading of the clock line, 
a CMOS or low power TIl 
buffer or PNP 
input logic should be used to minimize the 
loading on the ClK 
R pin. 


Restart During a Conversion 
A conversion 
in process can be halted and a 
new conversion 
began by bringing the CS 


and WR inputs low and allowing at least one 
of them to go high again. The output data 
latch is not updated if the conversion 
in 


progress is not completed; 
the data from the 
previously completed conversion will remain 
in the output data latches untii a subsequent 
conversion 
is completed. 


Continuous Conversion 
To provide continuous 
conversion of input 


data, the CS and flU inputs are grounded 
and INTR output is tied to the WR input. This 
T1iITRiWR connection 
should be momentarily 
forced to a logic low upon power-up to insure 
circuit operation. 
See Figure 6 for one way to 
accomplish 
this. 


DRiVING THE DATA BUS 
This CMOS AID converter, like MOS 
microprocessors 
and memories, will require a 
bus driver when the total capacitance 
of the 
data bus gets large. Other circuitry tied to the 
data bus will add to the total capacitive 
loading, even in the high impedance 
mode. 


There are alternatives 
in handling this 
problem. The capacitive loading of the data 
bus slows down the response time, although 
DC specifications 
are still met. For systems 
with a relatively low CPU clock frequency, 
more time is available in which to establish 
proper logic levels on the bus, allowing higher 
capacitive loads to be driven (see Typical 
Performance 
Characteristics). 


At higher CPU clock frequencies, 
time can be 
extended for I/O reads (and/or writes) by 
inserting wait states (8880) or using 
clock-extending 
circuits (6800, 8035). 


Finally, if time is critical and capacitive 
loading is high, external bus drivers must be 
used. These can be 3-State buffers (low 
power Schottky is recommended, 
such as the 
N74lS240 
series) or special higher current 
drive products designed as bus drivers. High 
current bipolar bus drivers with PNP inputs 
are recommended 
as the PNP input offers 


low loading of the AID output, allowing better 
response time. 


POWER SUPPLIES 
Noise spikes on the Vcc line can cause 
conversion errors as the internal comparator 
will respond to them. A low inductance filter 
capacitor should be used close to the 
converter Vcc pin and values of 1J.1For 
greater are recommended. 
A separate 5V 
regulator for the converter (and other 5V 
linear circuitry) will greatly reduce digital 
noise on the Vcc supply and the attendant 
problems. 


WIRING AND LAYOUT 
PRECAUTIONS 
Digital wire-wrap sockets and connections 
are not satisfactory for breadboarding 
this (or 


any) AID converter. Sockets on PC boards 
can be used. All logic signal wires and leads 
should be grouped or kept as far as possible 
from the analog signal leads. Single wire 
analog input leads may pick up undesired 
hum and noise, requiring the use of shielded 
leads to the analog inputs in many 
applications. 


A single-point analog ground separate from 
the logic or digital ground points should be 
used. The power supply bypass capacitor 
and the self-clocking 
capacitor, if used, 
should be returned to digital ground. Any 
VREF/2bypass capacitor, analog input filter 
capacitors, 
and any input shielding should be 


returned to the analog ground point. Proper 
grounding will minimize zero-scale errors 
which are present in every code. Zero-scale 
errors can usually be traced to improper 
board layout and wiring. 


Microprocessor Interfacing 
This family of AID converters was designed 
for easy microprocessor 
interfacing. These 


converters can be memory mapped with 
appropriate 
memory address decoding for CS 
(read) input. The active-low 
write pulse from 
the processor is then connected to the WR 
input of the AID converter, while the 
processor active-low 
read pulse is fed to the 
converter flU input to read the converted 
data. If the clock signal is derived from the 
microprocessor 
system clock, the 


designer/programmer 
should be sure that 
there is no attempt to read the converter until 
74 converter clock pulses after the start pulse 
goes high. Alternatively, 
the INTR 
pin may be 


used to interrupt the processor to cause 
reading of the converted data. Of course, the 
converter can be connected and addressed 
as a peripheral (in I/O space), as shown in 


Figure 7. A bus driver should be used as a 
buffer to the AID output in large 
microprocessor 
systems where the data 
leaves the PC board and/or must drive 
capacitive loads in excess of 100pF. See 
Figure g. 


Interfacing the SCN8048 microcomputer 
family is pretty simple, as shown in Figure 8. 
Since the SCN8048 family has 24 I/O lines, 
one of these (shown here as bit 0 or port 1) 
can be used as the chip select signal to the 
converter, eliminating 
the need for an address 


decoder. The flU and WR signals are 
generated 
by reading from and writing to a 


dummy address. 


Digitizing a Transducer Interface 
Output 


Circuit 
Description 


Figure 10 shows an example of digitizing 
transducer interface output voltage. In this 
case, the transducer interface is the NE5521, 
an lVDT 
(Linear Variable Differential 
Transformer) 
Signal Conditioner. The diode at 


the AID input is used to insure that the input 
to the AID does not go excessively 
beyond 
the supply voltage of the AID. See the 
NE5521 data sheet for a complete 
description 
of the operation of that part. 


Circuit 
Adjustment 


To adjust the full scale and zero scale of the 
AID, determine the range of voltages that the 
transducer 
interface output will take on. Set 
the lVDT core for null and set the Zero Scale 
Scale Adjust Potentiometer 
for a digital 
output from the AID of 1000000. 
Set the 


lVDT core for maximum voltage from the 
interface and set the Full Scale Adjust 
potentiometer 
so the AID output is just barely 


11111111. 


A Digital Thermostat 


Circuit DescrIption 
The schematic of a Digital Thermostat 
is 
shown in Figure 11. The AID digitizes the 
output of the lM35, 
a temperature 
transducer 


IC with an output of 10mV per °C. With 
VREF/2set for 2.56V, this 10mV corresponds 
to 1/2 lSB and the circuit resolution is 2°C. 
Reducing VREF/2to 1.28 yields a resolution of 
1°C. Of course, the lower VREF/2is, the more 
sensitive the AID will be to noise. 


The desired temperature 
is set by holding 
either of the set buttons closed. The 
SCC80C451 
programming 
could cause the 


desired (set) temperature 
to be displayed 
while either button is depressed and for a 
short time after it is released. At other times 
the ambient temperature 
could be displayed. 


The 
set temperature 
is stored 
in an SCN8051 


internal 
register. 
The 
AID 
conversion 
is 


started 
by writing 
anything 
at all to the ND 


with 
port 
pin 
P10 
set 
high. 
The 
desired 


temperature 
is compared 
with 
the 
digitized 


actual 
temperature, 
and 
the 
heater 
is turned 


on or off by clearing 
setting 
port 
pin 
P12. 
If 


desired, 
another 
port 
pin could 
be used 
to 


turn 
on or off an air conditioner. 


The 
display 
drivers 
are 
NE587s 
if common 


anode 
LED 
displays 
are 
used. 
Of course, 
it is 


possible 
to interface 
to LCD 
displays 
as well. 
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Figure 
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the Zero Scale and Adjusting 
the Input 
Range (Span) 
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a-Bit, high-speed, flP-compatible A/D converter 
with track/hold function 


DESCRIPTION 
By using a half-flash conversion 
technique, 
the 8-bit ADC0820 
CMOS AID offers a 1.5fLS 
conversion 
time while dissipating 
a maximum 


75mW of power. The half-flash technique 
consists of 31 comparators, 
a most significant 


4-bit ADC and a least significant 4-bit ADC. 


The input to the ADC0820 
is tracked and held 


by the input sampling circuitry, eliminating the 
need for an external sample-and-hold 
for 


signals slewing at less than 100mV/fLs. 


For ease of interlace to microprocessors, 
the 
ADC0820 has been designed to appear as a 
memory location or I/O port without the need 
for external interlacing 
logic. 


• No missing codes 


• No external clocking 


• Single supply-5VDC 


• Easy interlace to all microprocessors, 
or 


operates stand-alone 


• Latched 3-State outputs 


• Logic inputs and outputs meet both MOS 


and TIL voltage level specifications 


• Operates ratiometrically 
or with any 
reference value equal to or less than VDD 


• OV to 5V analog input voltage range with 


single 5V supply 


• No zero- or full-scale adjust required 


• Overflow output available for cascading 


• 0.3" standard width 20-pin DIP 


• Microprocessor-based 
monitoring and 


control systems 


• Transducer/fLP interface 


• Process control 


• Logic analyzers 


• Test and measurement 
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8-Bit, high-speed, 
J.1P-compatible AID converter with 
track/hold 
function 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Plastic DIP 
o to +70°C 
ADC0820BNEN 


20-Pin Plastic SO package 
o to +70°C 
ADC0820BNED 


20-Pin Plastic DIP 
o to +70°C 
ADC0820CNEN 


2O-Pin Plastic SO package 
o to +70°C 
ADC0820CNED 


2O-Pin Plastic DIP 
-40 to +85°C 
AoC0820BSAN 


20-Pin Plastic SO package 
-40 to +85°C 
ADC0820BSAD 


20-Pin Plastic DIP 
-40 to +85°C 
ADC0820CSAN 


2O-Pin Plastic SO package 
-40 to +85°C 
ADC0820CSAD 


2O-Pin Ceramic DIP 
-55 to +125°C 
ADC0820BSEF 


2O-Pin Ceramic DIP 
-55 to +125°C 
ADC0820CSEF 


PIN NO 
SYMBOL 
DESCRIPTION 


1 
V1N 
Analog input; range=GNDSV1NSVoo 


2 
DBO 
3-state data output-Bit 
0 (lSB) 


3 
DB1 
3-state data output-Bit 
1 


4 
DB2 
3-state data output-Bit 
2 


5 
oB3 
3-state data output-Bit 
3 


6 
WRJRDY 
WR-RD Mode 


WR: With CS low, the conversion 
is started on the falling edge of WR. Approximately 
600ns (the pre- 


set internal time out, t,) after the WR rising edge, the result of the conversion 
will be strobed into the 


output latch, provided that RU does not occur prior to this time out (see Figures 3a and 3b). 


RDMode 


ROY: This is an open-drain output (no internal pull-up device). ROY will go low after the falling edge 
of 'CS; ROY will go 3-State when the result of the conversion 
is strobed into the output latch. It is used 
to simplify the interface to a microprocessor 
system (see Figure 1). 


7 
Mode 
Mode: Mode selection input-it 
is internally tied to GND through a 30~ 
current source. 


RD Mode: When mode is low. 


WR-Ro 
Mode: When mode is High. 


8 
RU 
WR-RDMode 


With CS low, the 3-State data outputs (oBO-oB7) 
will be activated when RU goes low. RU can also 
be used to increase the speed of the converter by reading data prior to the preset internal time out 
(T1 - 
8oons). If this is done, the data result transferred 
to output latch is latched after the falling edge 


of the RU (see Figures 3a and 3b). 


RD Mode 


With 'CS low, the conversion will start with RU going low; 
also, RU will enable the 3-State data out- 


puts at the completion of the conversion. 
ROY going 3-State and 1TilT going low 
indicate the comple- 


tion of the conversion 
(see Figure 1). 


9 
1TilT 
WR-RDMode 


1TilT going low indicates that the conversion 
is completed and the data result is in the output latch. 1TilT 
will go low 
- 
800ns (the preset internal time out, t,) after the rising edge of WR (see Figure 3a); or 


1TilT will go low after the falling edge of RU. if lID goes low prior to the 800ns time out (see Figure 
3b). 1TilT is reset by the rising edge of lID or 'CS (see Figures 3a and 3b). 


RDMode 


1TilT going low 
indicates that the conversion 
is completed 
and the data result is in the output latch. 1TilT 
is reset by the rising edge of RU or CS (see Figure 1). 


10 
GND 
Ground 


a-Bit, high-speed, IlP-compatible 
AID converter with 
track/hold function 


11 
VREF(-) 
The bottom of resistor ladder, voltage range: GND"VREF(-}"VREF(+) 


12 
VREF(+) 
The top of resistor ladder, voltage range: VREF(-)"VREF(+)"Voo. 


13 
CS 
CS must be Low in order for the RU or WR to be recognized by the converter. 


14 
DB4 
3-State data output-Bit 
4 


15 
DB5 
3-State data output-Bit 
5 


16 
DB6 
3-State data output-Bit 
6 


17 
DB7 
3-State data output-Bit 
7 (MSB) 


18 
OF[ 
Overflow output-if 
the analog input is higher than the VREF(+)- LSB, OF[ 
will be low at the end of 
conversion. 
It can be used to cascade 2 or more devices to have more resolution (9, 1Q-bit). 


19 
NC 
No connection 


20 
Voo 
Power supply voltage 


SYM· 
PARAMETER 
RATING 
UNIT 
BOL 


Voo 
Supply voltage 
7 
V 


Logic control inputs 
-0.2 to Voo+O.2 
V 


Voltage at other inputs and output 
-0.2 to Voo+O.2 
V 


TSTG 
Storage temperature 
range 
-os to +150 
DC 


Po 
Maximum power dissipation3 


TA=25DC(still-air} 


F package 
1560 
mW 


N package 
1690 
mW 


D package 
1390 
mW 


TSOLO 
Lead temperature 
(soldering, 
10sec) 
300 
DC 


TA 
Operating ambient temperature 
range 
TMIN"TA"T MAX 


ADC0820BSEF/CSEF 
-55 to +125 
DC 


ADC0820BSAN/CSAN/BSAD/CSAD 
--40 to +85 
DC 


ADC0820BN EN/CNEN/BNED/CN 
ED 
o to +70 
DC 


NOTES: 
1. Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 
2. 
All voltages are measured with respect to GND. unless otherwise specified, 


3. 
Derate above 25°C at the following rates: 


F package a112.5mWI"C 
N package a113.5mW/DC 
D package at 11.1mWrC 


8-Bit, high-speed, IlP-compatible AID converter with 
track/hold function 


DC ELECTRICAL CHARACTERISTICS 
Ro mode (Pin 7~0), Voo~5V, VREF(+)~5V, and VREF(-)~GNo, unless otherwise 
specified. Limits apply from TMINto TMAX· 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ3 
Max 


Resolution 
8 
8 
8 
bits 


Unadjusted error1 
AoC0820B 
±1/2 
LSB 


AoC0820C 
±1 
LSB 


RREF 
Reference resistance 
1 
1.6 
4 
kn 


VREF<+) 
Input voltage 
VREF(-) 
Voo 
V 


VREF(-) 
Input voltage 
GNo 
VREF(+) 
V 


VIN 
Input voltage 
GNo-O.1 
Voo+0.1 
V 


CS~Voo 


Maximum analog input leakage current 
VIN~VOO 
-3 
3 
!1A 


VIN~GNo 


Power supply sensitivity 
Voo~5V±5% 
±1/16 
±1/4 
LSB 


VIN(l) 
Logical "1" input voltage 
Voo~5.25V 
CS,WR,OO 
2.0 
Voo 
V 


Mode 
3.5 
Voo 
V 


VIN(O) 
Logical "0" input voltage 
Voo~4.75V 
CS,WR,OO 
GNo 
0.8 
V 


Mode 
GNo 
1.5 
V 


V1N(W5V; CS, 00 
1 
J.1A 


'IN(l) 
Logical "1" input current 
VIN(1)~5V;WR 
3 
J.1A 


VIN(l)~V; 
Mode 
30 
200 
J.1A 


IIN(O) 
Logical "0" input current 
V1N(O)~OV;CS, 00, WR, Mode 
-1 
J.1A 


Voo~4.75V, louT~-360!1A; 
2.4 
4.6 
V 


VOUT(l) 
Logical "1" output voltage 
oBD-oB7, OFC, TNT 


Voo~4. 75V, 'our--1OIlA 
4.5 
4.74 
V 


oBO-oB7, OFC, TNT 


VOUT(O) 
Logical "0" output voltage 
Voo~4.75V,louT~1.6mA; 
0.2 
0.4 
V 
oBO-oB7, OFC, TNT, ROY 


VouT~5V; oBO-oB7, 
ROY 
3 
!1A 


loz 
3-state output current 


VOUT~OV;oBD-oB7, 
ROY 
-3 
J.1A 


VOUT~OV,oBO-oB7, OFC 
6 
12 
mA 


IsouRcE 
Output source current 


TNT 
4.5 
8 
mA 


ISINK 
Output sink current 
VouT~5V; oBO-oB7, OFC, TNT, ROY 
7 
20 
mA 


100 
Supply current 
CS~WR~OO~o 
6 
15 
mA 


Voo 
Range 
4.5 
5.5 
V 


8-Bit, high-speed, jlP-compatible 
AID converter with 
track/hold function 


AC ELECTRICAL CHARACTERISTICS 
vDD = 5V, tR = tF = 20ns, VREF(+) = 5V, VREF(.)= OV, and TA = 25°C, unless otherwise specified. 


SYM· 
PARAMETER 
TEST CONDITIONS 
L1MITS4 
UNIT 
BOL 


Mln 
Typ3 
Max 


leRD 
Conversion 
time for RD mode 
Mode=O, Figure 1 
1.6 
2.5 
!1S 


tACCO 


Access time (delay from falling edge of 
Mode=O, Figure 1 
leRD+20 
leRD+50 
ns 
RU to output valid) 


leWR·RD 
Conversion 
time for WR-RD mode 
Mode=VDD, tWR=600ns, tRD=600ns; 
1.52 
~s 
Figures 3a and 3b 


tWR 
Write time 
Min 
Mode=VDD, Figures 3a and 3b2 
600 
ns 


Max 
50 
~s 


tRD 
Read time 
Min 
Mode=VDD, Figures 3a and 3b2 
600 
ns 


tACC1 
Access time (delay from falling edge of 
Mode=VDD, tRD<!'; 
190 
280 
ns 
RU t 0 output valid) 
Figure 3b, CL=15pF 


CL=100pF 
210 
320 
ns 


tACC2 


Access time (delay from falling edge of 
Mode=VDD, tRD>t,; 
70 
120 
ns 
RU t 0 output valid) 
Figure3a, 
CL=15pF 


CL=100pF 
90 
150 
ns 


t, 
Internal comparison 
time 
Mode=VDD; 
800 
1300 
ns 
Figures 2 and 3a, CL=50pF 


t1H,tOH 
Three-state 
control (delay from rising 
RL=1kn, CL=10pF 
100 
200 
ns 
edge of RU to Hi-Z state) 


Delay from rising edge of WR to falling 
Mode=VDD,CL=50pF 
tlNTL 
edgeofrnT 
tRD>t,; Figure 3a 
t, 
ns 
tRD<t,; Figure 3b 
tRD+200 
tRD+290 
ns 


t'NTH 
Delay from rising edge of RU to rising 
Figures 1, 3a, and 3b, 
125 
225 
ns 
edgeofrnT 
CL=5OpF 


t,NTHWR 


Delay from rising edge of WR to rising 
Figure 2, CL=50pF 
175 
270 
ns 
edgeofrnT 


tROY 
Delay from CS to RDY 
Figure 1, CL=50pF, Mode=O 
50 
100 
ns 


t,D 
Delay from rnT to output valid 
Figure 2 
20 
50 
ns 


tR' 
Delay from RU to rnT 
Mode=VDD, tRD<t,; 
200 
290 
ns 
Figure 3b 


tp 
Delay from end of conversion 
to next 
Figures 1, 2, 3a, and 3b2 
500 
ns 
conversion 


SR 
Slew rate, tracking 
0.1 
V/~s 


CVIN 
Analog input capacitance 
45 
pF 


COUT 
Logic output capacitance 
5 
pF 


C'N 
Logic input capacitance 
5 
pF 


NOTES: 
1. 
Unadjusted 
error includes offset, full-scale, and linearity errors. 


2. 
Accuracy may degrade if tWRor tRDis shorter than the minimum value specified. 


3. 
Typicals are at 25°C and represent most likely parametric norm. 


4. 
Guaranteed 
but not 100% production 
tested. These limits are not used to calculate outgoing quality levels. 


8-Bit, high-speed, j..lP-compatible AID converter with 
track/hold function 


toH 


Vcc 
Vcc 


1k 


RU 
DATA 
OUTPUT 


CL 
I,oPF 


-=- 
-=- 
-=- 


v~-q1j-~9()o/,"'.---- 


RD 
50% 


GND 
10% 


t1Hi 


VOH~ 
DATA 
90% 


OUTPUTS 
GND 
_ 


tR = 2008 


v --==er 
,: J:r~H 


VDD----- 
DATA 


OUTPUTS 
GND 
10% 


I 
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b. WR-RD Mode ('RD < 'I) 


Figure 3. WR-RD Mode 


8-Bit, high-speed, llP-compatible A/D converter with 
track/hold function 


General Operation 
The ADC0820 uses two 4-bit flash AID 
converters to make an 8-bit measurement 
(Block Diagram). 
Each flash ADC is made up 
of 15 comparators 
which compare the 


unknown input to a reference ladder to get a 
4-bit result. To take a full 8-bit reading, one 
flash conversion 
is done to provide the 4 


most significant data bits (via the MS flash 
ADC). Driven by the 4 MSBs, an internal 
DAC recreates an analog approximation 
of 
the input voltage. This analog signal is then 
subtracted from the input, and the difference 
voltage is converted 
by a second 4-bit flash 


ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 


The internal DAC is actually a subsection of 
the MS flash converter. This is accomplished 
by using the same resistor ladder for the AID 
as well as for generating 
the DAC signal. The 
DAC output is actually the tap on the resistor 
ladder which most closely approximates 
the 
analog input. In addition, the "sampled data" 
comparators 
used in the ADC0820 provide 
the ability to compare the magnitudes 
of 


several analog signals simultaneously, 
without using input summing amplifiers. 
This 


is especially useful in the LS flash ADC, 
where the signal to be converted is an analog 
difference. 


The Sampled-Data Comparator 
Each comparator 
in the ADC0820 consists of 
a CMOS inverter with a capacitively-<:oupled 
input (Figure 4). Analog switches connect the 
two comparator 
inputs to the input capacitor 
(C) and also connect the inverter's input and 
output. This device in effect now has one 
differential input pair. A comparison 
requires 


two cycles, one for zeroing the comparator, 
and another for making the comparison. 


In the first cycle, one input switch and the 
inverter's feedback switch (Figure 4a) are 
closed. In this interval, C is charged to the 
connected 
input (V1) less the inverter's bias 
voltage (Vs, approximately 
I.GV). In the 
second cycle (Figure 4b), these two switches 
are opened and the other (V2) input's switch 
is closed. The input capacitor now subtracts 
its stored voltage from the second input and 
the difference is amplified by the inverter's 
open loop gain, The inverter's input (Vs') 
becomes 


VS' = Vs + (1'2 _ 
V1) __ C_ 
C + Cs 


and the output will go High or Low depending 
on the sign of Vs'-Vs. 


The actual circuitry used in the ADC0820 is a 
simple but important expansion 
of the basic 


comparator 
described above. By adding a 


second capacitor and another set of switches 
to the input (Figure 5), the scheme can be 
expanded to make dual differential 
comparisons. 
In this circuit, the feedback 


switch and one input switch on each 
capacitor (Z switches) are closed in the 
zeroing cycle. A comparison 
is then made by 


connecting 
the second input on each 


capacitor (S switches) and opening all of the 
other switches. The change in voltage at the 
inverter's input, as a result of the change in 
charge on each input capacitor, will now 
depend on both input signal differences. 


Architecture 
In the ADC0820, 
15 comparators 
are used in 
the MS and LS 4-bit flash AID converters. 
The MS (most significant) flash ADC also has 
one additional comparator 
to detect input 
overrange. These two sets of comparators 
operate alternately, with one group in its 
zeroing cycle while the other is comparing. 


.vo= 
Vs 


• 
V ON C = V1 - 
VB 
• Cs = SATRAYINPUTNODECAPACITOR 
• Vs = INVERTERINPUTBIASVOLTAGE 
.VS'-VS=(V2-Vl) 
_C_ 


-A 
C+Cs 
• vo' = Vs 
C + CS[CV2- CV'] 


• Vo' IS DEPENDENTON V2-Vl 


b. Compare 
Phase 


Z 


R LADDER(Vl) 
~ 
}-f' 
Z 


ANAL::::2~; 
~s 
Vs 
A 
Vo 
IV3) 
}-fC2 
S 
I 
Vo = 
Cl + ~~ + C [Cl (V2- V,) + C2 (V4-V3)] 


112LSB(V4) 
~ 
= 
-A 
S 


C1 .•. C2 .•.Cs 
AOC1 
+ 
AOC2] 
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To start a conversion 
in the WR-RD mode, 
the WR" line is brought Low. At this instant the 
MS comparators 
go from zeroing to 
comparison 
mode (Figure 8). When WR" is 
returned High after at least 600ns, the output 
from the first set of comparators 
(the first 
flash) is decoded and latched. At this point 
the two 4-bit converters 
change modes and 


the LS (least significant) 
flash ADC enters its 
compare cycle. No less than 600ns later, the 
RD line may be pulled Low to latch the lower 
four data bits and finish the 8-bit conversion. 
When RD goes Low, the flash AIDs change 
state once again in preparation 
for the next 
conversion. 


Figure 8 also outlines how the converter's 
interface timing relates to its analog input 
(VIN). In WR-RD mode, VIN is measured 
while WR" is Low. In RD mode, sampling 
occurs during the first 800ns of RD. Because 
of the input connections 
to the ADC0820's 
LS 
and MS comparators, 
the converter has the 
ability to sample VIN at one instant, despite 
the fact that two separate 4-bit conversions 
are being done. More specifically, when WR" 
is Low the MS flash is in compare mode 
(connected to VIN, and the LS flash is in zero 
mode (also connected to VIN). Therefore both 
flash ADCs sample VIN at the same time. 


Digital Interface 
The ADC0820 
has two basic interface modes 
which are selected by strapping the Mode pin 
High or Low. 


RD Mode (Figure 
6a) 
With the Mode pin grounded, the converter is 
set to Read mode. In this configuration, 
a 
complete conversion 
is done by pulling RD 
Low until output data appears. An mT line is 
provided which goes Low at the end of the 
conversion 
as well as a RDY output which 


can be used to signal a processor that the 
converter is busy or can also serve as a 
system Transfer Acknowledge 
signal. 


When in RD mode, the comparator 
phases 
are internally triggered. At the falling edge of 
RD, the MS flash converter goes from zero to 
compare mode and the LS ADC's 
comparators 
enter their zero cycle. After 


800ns, data from the MS flash is latched and 
the LS flash ADC enters compare mode. 
Following another 800ns, the lower four bits 
are recovered. 


WR Then RD Mode (Figures 
6b and c) 
With the Mode pin tied High, the AID will be 
set up for the WR-RD mode. Here, a 
conversion 
is started with the WR input; 
however, there are two options for reading 
the output data which relate to interface 
timing. If an interrupt-driven 
scheme is 
desired, the user can wait for mT to go Low 


\L 
_ 


DBD-DB7 
-------------{ 
}-------- 


\__/ 
\__/ 


DBO-DB7 
-< 
}------- 


\L 
_ 
\__ 1 


\__ 
---'1 


OBO-DB7 
-<.~ 
>- 


c. WR·RD (Pin 7 Is High and IRD > II) 


Figure 6 


a-Bit, high-speed, 
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before reading the conversion 
result. T/iIT will 


typically go Low 800ns after WR's rising 
edge. However, if a shorter conversion 
time is 
desired, the processor 
need not wait for T/iIT 
and can exercise a Read after only 600ns. If 
this is done, T/iIT will immediately 
go Low and 
data will appear at the outputs. 


Stand-Alone 
(Figure 7) 
For stand-alone 
operation in WR-RD mode, 
'CS and 'RU can be tied Low and a conversion 
can be started with WR. Data will be valid 
approximately 
800ns following WR's rising 
edge. 


Other 
Interface 
Considerations 
In order to maintain conversion 
accuracy, WR 


has a maximum width spec of SOilS. When 
the MS flash ADC's sampled data 
comparators 
are in comparison 
mode (WR is 
Low), the input capacitors 
(C, Figure 5) must 


hold their charge. Switch leakage can cause 
errors if the comparator 
is left in this phase 


for too long. 


Since the MS flash ADC enters its zeroing 
phase at the end of a conversion, 
a new 
conversion 
cannot be started until this phase 
is complete. The minimum spec for this time 
is 500ns (lp in Figure 1, 2, 3a, and 3b). 


ANALOG 
CONSIDERATIONS 


Reference 
and Input 


The two VREFinputs of the ADC0820 are fully 
differential and define the zero-to 
full-scale 
input range of the AID converter. This allows 
the designer to easily vary the span of the 
analog input since this range will be 
equivalent to the voltage difference between 
VIN(+) and VIN(-)' By reducing 
VREF(VREF=VREF(+) 
-VREF(-» to less than 5V, the sensitivity of the 
converter can be increased (I.e., if VREF=2V, 
then 1 LSB= 7.8mV). The inpuVreference 
arrangement 
also facilitates ratiometric 
operation and, in many cases, the chip power 
supply can be used for transducer 
power as 


well as the VREFsource. 


MSCOMPARATORSZERO 
TOREFERENCELADDER. 


LSCOMPARATORS 
FLOAT 


CSLOW 


1lllLOW 


WR 


!JilT 
I 
\ 
r- 


DBO-DB7 
~ 
( 
)- 


Figure 
7. WR-RD Mode (Pin 7is 
High) 
Stand-Alone 
Operation 


This reference flexibility lets the input span 
not only be varied, but also offset from zero. 
The voitage at VREF(-)sets the input level 
which produces a digital output of all zeroes. 
Though VIN is not itself differential, the 
reference design affords nearly 
differential-input 
capability for most 
measurement 
applications. 
Figure 9 shows 
some of the configurations 
that are possible. 


Input Current 
Due to the unique conversion techniques 
employed by the ADC0820, the analog input 
behaves somewhat differently than in 
conventional 
devices. The AID's sampled 
data comparators 
take varying amounts of 
input current depending on which cycle the 
conversion 
is in. 


The equivalent input circuit of the ADC0820 
is shown in Figure 10a. When a conversion 
starts (WR Low, WR-RD mode), all input 
switches close, connecting VIN to 31 1pF 
capacitors. 
Although the two 4-bit flash 
circuits are not both in their compare cycle at 
the same time, VIN still sees all input 
capacitors 
at once. This is because the MS 
flash converter is connected to the input 
during its compare interval and the LS flash is 
connected to the input during its zeroing 
phase. In other words, the LS ADC uses V1N 
as its zero-phase 
input. 


MSCOMPARATORS 
COMPARE 
VINTOTHEIRREFERENCE 
LADDERTAP.THECOMPARATOR 
VIN' vLADDERTAp. 


~HEL;O~Op~:~~~~~:~N~~~O 
TO VIN 
CAPACTORSTRACKVIN. 


MSCOMPARATORS 
OUT- 
PUTSARELATCHED.THE 
MSDACISSET.THEMS 
COMPARATOR 
FLOATS. 


LSCOMPARATORS 
COM- 


PARE 
LSB 
SECTION 
OF REf- 


ERENCELADDER 


The input capacitors 
must charge to the input 
voltage through the on resistance of the 
analog switches (about 5kQ to 10kQ). In 
addition, about 12pF of input stray 
capacitance 
must also be charged. For large 


source resistances, 
the analog input can be 


modeled as an RC network as shown in 
Figure 10b. As Rs increases, 
it will take 


longer for the input capacitance 
to charge. 


In RD mode, the input switches are closed for 
approximately 
800ns at the start of the 


conversion. 
In WR-RD mode, the time that 


the switches are closed to allow this charging 
is the time that WR is Low. Since other 
factors force this time to be at least 600ns 
input time constants of 1OOnscan be 
' 


accommodated 
without special consideration. 


Typical total input capacitance 
values of 45pF 
allow Rs to be 1.5kQ without lengthening WR 
to give V1Nmore time to sellie. 


Input Filtering 
It should be made clear that transients in the 
analog input signal, caused by charging 
current flowing into VIN, will not degrade the 
AID's performance 
in most cases. In effect, 


the ADC0820 does not "look" at the input 
when these transients occur. The 
comparators' 
outputs are not latched while 


WR is Low, so atleast600ns 
will be provided 
to charge the ADC's input capacitance. 
It is 


LSCOMPARATORS 
OUTPUTS 


ARELATCHEDAND 


CANBEREAD 


MSCOMPARATORS 
RE 


TURNTOZEROMODE. 
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c. Input not Referred to GND 
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therefore not necessary to filter out these 
transients by pUlling an external cap on the 
V1Nterminal, if an input amplifier that can 
settle within SOOnsis used to drive the input. 
The NE530 is a suitable op amp for driving 
the input of the ADC0820. 


Inherent Sample-Hold 
Another benefit of the ADC0820's 
input 


mechanism 
is its ability to measure a variety 
of high-speed 
signals without the help of an 


external sample-and-hold. 
In a conventional 
SAR type converter, regardless 
of its speed, 
the input must remain at least 
LSB stable 
throughout 
the conversion 
process if full 


accuracy is to be maintained. 
Consequently, 


for many high-speed 
signals, this signal must 
be externally 
sampled, and held stationary 
during the conversion. 


Sampled data comparators, 
by nature of their 
input switching, already accomplish this 
function to a large degree (Section 1.2). 
Although the conversion 
time for the 
ADC0820 
is 1.5Jls, the time through which 
V1Nmust be 
1/2LSB stable is much smaller. 
Since the MS flash ADC uses VIN as its 
"compare" input and the LS ADC uses VIN as 
its "zero" input, the ADC0820 only ·samples· 
VIN when WR is Low. Even though the two 
flashes are not done simultaneously, 
the 
analog signal is measured at one instant. The 
value of VIN approximately 
100ns after the 
rising edge of WR (100ns due to intemallogic 
propagation delay) will be the measured 
value. 


VIN 


WR 


+5V 
VRER+) 


VDD 


DB7 


VRER-) 
DBO 


GND 


MOOE 


Input signals with slew rates typically below 
100mV/Jls can be converted without error. 
However, because of the input time 
constants, and charge injection through the 
opened comparator 
input switches, faster 


signals may cause errors. Still, the 
ADC0820's 
loss in accuracy for a given 


increase in signal slope is far less than what 
would be witnessed 
in a conventional 


successive approximation 
device. An SAR 


type converter with a conversion 
time as fast 
as 1Jls would still not be able to measure a 
5V, 1kHz sine wave without the aid of an 
external sample-and-hold. 
The ADC0820, 


with no such help, can typically measure 5V, 
7kHz waveforms. 
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DESCRIPTION 
The NE5037 is a low cost, complete 
successive-approximation 
analog-to-digital 
(AID) converter, fabricated 
using Bipolar/12L 


technology. With an external reference 
voltage, the NE5037 will accept input 
voltages between OV and VREF.An external 
"START pulse of at least 300ns in duration will 
provide the 6-bit result of the conversion 
in 


parallel format. Full conversion 
with no 
missing codes occurs in 9Jls. 


• Temperature control 


• JlP-based appliances 


• Light level monitors 


• Head position sensing 


• Electronic toys 


• Joystick interface 


• TIL-compatible 
inputs and outputs 


• 3-State output buffer 


• Easy interface to CMOS microprocessors 


• Fast conversion-9Jls 


• Guaranteed 
no missing codes over full 


temp range 


• Single-supply 
operation, 
+5V 


• Positive true binary outputs 


• High-impedance 
analog inputs 


ORDERING 
INFORMATION 


DESCRIPTION 


16-Pin Plastic DIP 


TEMPERATURE 
RANGE 


o to +70°C 


ORDER CODE 


NE5037N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Power supply voltage 
7 
V 


VREF 
Reference voltage 
7 
V 


VIN(Analogj 
Analog input voltage 
7 
V 


VIN(Olgital) 
Digital input voltage (eB",N, 
START, CLK) 
7 
V 


Dour 
Data outputs (DBO to DB5) 


3-state mode 
7 
V 


Enabled mode (each output) 
5 
mA 


roc 
End of conversion 
Vcc 


6GNO 
Analog GND to digital GND 
±1 
V 


TA 
Operating temperature 
range 
Oto 70 
°C 


TSTG 
Storage temperature 
range 
-65 to 150 
°C 


TSOLO 
Lead soldering temperature 
(10 seconds) 
300 
°C 


Po 
Maximum power dissipation, TA=25°C (still-air)1 


N package 
1450 
mW 


NOTES: 
1. 
Derate above 25°C at the following rates: 


F package=9.5mW/oC 
N package=11.6mWrC 
o package=8.7mW/oC 


DC ELECTRICAL CHARACTERISTICS 
Vcc=5.0V; 
VREF=2.0V; Clock=l MHz; O°C ~ TA~ 70°C unless otherwise specified. Typical values are specified at 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Resolution 
6 
6 
6 
Bits 


Relative accuracy 1.2 
LSB 


Vcc 
Positive supply voltage 
+4.75 
+5.0 
+5.50 
V 


€Fs 
Full-scale gain erro,2·3.4 
VREF=2.0V, TA=25°C 
±1 
±2 
LSB 


EZS 
Zero-scale offset error2 
VREF=2.0V, TA=25°C 
± 
-. +2 
LSB 


PSR 
Power supply rejection, Max change in full-scale2 
VREF=2.0V. 4.75V~Vcc~·5V 
± 
±1 
LSB 


IIN 
Analog input bias current 
0~VIN~2.5V 
1 
10 
lJA 


IREF 
Reference bias current 
0~VREF~2.5V 
1 
10 
lJA 


RIN 
Analog input resistance 
3 
30 
Mn 


VIH 
Logic "1' input voltage 
2.0 
V 


V1L 
Logic "0' input voltage 
0.8 
V 


IIH 
Logic "1' input current 
10 
lJA 


IlL 
Logic "0' input current 
1 
10 
lJA 


IOH 
Logic "1' output currentS 
2.4V~VOH 
300 
lJA 


IOL 
Logic "0' output currentS 
VOL~0.4V 
1.6 
mA 


loz 
3-State leakage current 
±D.l 
±40 
lJA 


Icc 
Positive supply current 
18 
24 
mA 


Po 
Power dissipation 
132 
mW 


NOTES: 
1. 
Relative accuracy is defined as the deviation of the code transition points from the ideal code transition points on a straight line drawn from 
zero-scale to full-scale of the device. 
2. 
Specifications 
given in LSBs refer to the weight of the least significant bit at the 6-bitlevel 
which is 1.56% of the full-scale voltage. 


3. 
Full-scale gain error is the deviation of the full-scale code transition point (111110 to 111111) from its ideal value. 


4. 
The analog input voltage (VIN) range is OV to VREFnominally, with the output remaining at 111111even though the input may increase from 
VREFto Vcc. (For optimum performance, 
VREFcan be any value from 1.5V to 2.5V.) 
5. 
The data outputs have active pull-ups. The roc line is open-collector 
with a nominal 5kn internal pull-up resistor. 


AC ELECTRICAL CHARACTERISTICS 
Vcc=5.0V; 
VREF=2.0V; Clock=1 MHz; O°C ~ TA~ 70°C unless otherwise 
specified. Typical values are specified at 25°C (Refer to AC test figures.) 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


fMAX 
Maximum clock frequency 
1 
MHz 


tw 
Start pulse width 
300 
ns 


Minimum positive/negative 
clock 
300 
pulse width 
ns 


!cONV 
Conversion time 
9 
Clock cycles 


tp (OUTDATA) 
Propagation 
delay1 
Data out 
OE 
TA=25°C tR=tF~20ns 
500 
ns 


tp(OUTEOC) 
Propagation 
delay2 
roc 
Clock 
TA=25°C tR=tF~20ns 
800 
ns 


lp C3·STATEI 
Propagation 
delay, 3-State 
3-State Data 
OE 
TA=25°C tR=tF~20ns 
500 
ns 


NOTES: 
1. 
Propagation delay of data outputs is defined as the delay in the data outputs reading their final value after the low going edge of OE. 
2. 
Propagation 
delay of roc is defined as the delay in roc going low, following the low going edge of the 9th clock pulse after the start pulse. 


CIRCUIT DESCRIPTION 
NE5037 is a complete 6-bit, parallel output, 
microprocessor 
compatible, AID converter 


which incorporates 
the 
successive-approximation 
method. The chip 
includes the internal control logic, the 
successive-approximation 
register (SAR), 


6-bit DAC, comparator 
and output buffers. An 


externally-generated 
clock source (max 
frequency=1 MHz) must be provided to Pin 6. 
An external reference voltage supplied to Pin 
2 sets the full-scale range of the AID 
converter. 


The 1::"Spin must be at a low level prior to the 
start of the conversion 
process. Upon receipt 


of a START pulse, the internal control logic 
resets the SAR. On the first low-going edge 
of the clock pulse, successive approximation 
conversion commences. 
Successive bits 
beginning with the MSB (D5) are supplied to 
the input of the internal 6-bit current output 
DAC by the j2L successive approximation 
register. 


The comparator determines whether the 
output current of the DAC is greater or less 
than the input current, which is converted 
from the unknown analog input voltage 
through the V/I converter. If the DAC output is 
greater, that bit of the DAC is set to "0' and 
the corresponding 
output buffer goes to "0' 


simultaneously. 
If it is less, it stays at '1' and 
the output buffer also stays at '1'. On 
successive clock pulses, successive bits of 
the DAC are tried and the corresponding 
output buffer represents the bits of the DAC. 
On the eighth low-going edge of the clock 
pulse (after the receipt of the start pulse), the 
roc pin goes low, thereby indicating that the 
conversion 
is complete. The output data is 


now valid. In order to access the result of the 
conversion, 
the OE pin must be set to a low 


level. roc is reset to a high state when OE 
is low. When OEis 
in a "1' state, the output 


buffers are in a high impedance state. 


Refer to 1 for the timing diagram. 
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TRANSFER CHARACTERISTICS 
The ideal transfer characteristic 
of the 
NE5037 is shown in 2. 


The NE5037 is designed to have a nominal 
LSB offset so that the code transition points 
are located 
LSB on either side of the exact 


analog inputs for a given code. 


Thus the first transition (000000 to 000001) 
will occur at an input of LSB (15.63mV with a 
VREFof 2.0V). Subsequent 
transitions will 


occur at nominal increments of 1 LSB. The 
last transition (to full-scale-111111) 
will occur 


at 62.5 LSB (1.953V at VREFof 2.0V). 


LAYOUT PRECAUTIONS 
Analog ground (Pin 4) and digital ground (Pin 
5) are not connected 
internally and should be 


connected together as close to the device as 
possible for optimum performance. The 
circuit will operate with as much as ±200mV 
between the two grounds but some 
degradation will occur. The leads to the 
analog inputs should be kept as short as 
possible to minimize noise pick-up. Input 
bypass capacitors from the analog inputs to 
ground will eliminate noise piCk-Up. Power 
supplies should be decoupled with at least 
1IlF located close to the device to minimize 
the effects of noise spikes. 


The reference input and the analog voltage 
input must both remain stable during 
conversion to insure accuracy and proper 
operation. This can be done by adequately 
bypassing these inputs and/or keeping the 
impedance of these inputs at or below 2kQ. 
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CIRCUIT DESCRIPTION 
The temperature 
sensor of Figure 3 provides 
an input to Pin 3 of the NE5037 of 32mV/OC. 
This 32mV 
is the value of one LSB for the 


NE5037. The LM334 is a three-terminal 
temperature 
sensor and provides a current of 
1~ 
for each °Kelvin. The first sec~on of the 
dual opmp is connected 
as a 
trans-impedance 
afplifier to convert the 


current from the LM334 to a voltage, which is 
amplified and inverted by the section 
amplifier. Note that the first amplifier requires 
different values of feedback resistance for °C 
and of. The NE5512 was chosen for its low 
temperature 
coefficient of input bias current 


as excessive 
los tempco would degrade 
temperature 
tracking. 


To read temperature, 
conversion 
is started by 


sending a momentary 
low signal to Pin 7 of 
the NE5037. When Pin 10 of the NE5037 
goes low, conversion 
is complete and a low is 
applied to Pin 9 of the NE5037 to read data 


on Pins 11 through 16. Note that this 
temperature 
data is in straight binary format. 


The controller can be a microprocessor 
in a 
temperature 
control application, or discrete 
circuitry in a simple temperature 
reporting 
application. A temperature 
reporting (digital 
thermometer) 
circuit is shown in Figure 3b. 
The NE5037 AID converter is connected in a 
con~nuous conversion mode by connecting 
together Pins 7, 9, and 10. Should this pin be 
momentarily 
shorted to any relatively low 
impedance 
point, conversion will stop. 


Conversion will resume upon interrup~on and 
restora~on of the power. These pins are also 
connected to the latch enable of a 6-bit latch 
because the data at the converter output is 
available for only a short time when the 
converter is in the continuous conversion 
mode. The (P)ROM) must have the correct 
code for converting the data from the NE5037 
(used as address for the (P)ROMs) to the 
appropriate 
segment drive codes. Note that 


the circuit of Figure 3b shows a circuit which 
can be used to display either Fahrenheit or 
Centigrade temperatures. 


The displayed output could easily be 
converted to degrees Fahrenheit (OF)by the 


controller of Figure 3a or through the 
(P)ROMs of Figure 3b. When doing this, a 
third (hundreds) 
digit (P)ROM and display will 
be needed for displaying temperatures 
above 


99°F. 


An inexpensive 
clock can be made from 
NAND gates or inverters, as shown in Figure 
3c. 


CIRCUIT ADJUSTMENT 
The circuit should be at a known ambient 
temperature 
for a few minutes before making 


adjustments. 


4. 
Adjust bias adjust potentiometer 
for the 
voltage indicated in the chart in Figure 3b. 


5. 
With the circuit (or sensor U3, if it is 
remotely located) at a known temperature 
for 2 to 3 minutes, adjust range control for 
a correct reading on the displays. 


This should provide an accuracy of ±3 counts 
(3° F or C). Higher accuracy may require 
NE5037 reference voltage regulation. 


Preliminary 
specification 


GENERAL DESCRIPTION 


The PCF8591 is a single chip, single supply low power 8-bit CMOS data acquisition device with four 
analogue inputs, one analogue output and a serial 12C bus interface. Three addresspins AD, A 1 and A2 
are usedfor programming the hardware address,allowing the useof up to eight devicesconnected to 
the 12 C bus without additional hardware. Address, control and data to and from the device are 
transferred serially via the two-line bidirectional bus (12 C). 


The functions of the device include analogue input multiplexing, on-chip track and hold function, 
8-bit analogue-to-digital conversion and an 8-bit digital-to-analogue conversion. The maximum conversion 
rate is given by the maximum speedof the 
12 C bus. 


Features 


• 
Single power supply 
• 
Operating supply voltage 2,5 V to 6 V 
• 
Low standby current 
• 
Serial input/output 
via 12 C bus 
• 
Address by 3 hardware addresspins 
• 
Sampling rate given by 
12 C bus speed 
• 
4 analogue inputs programmable assingle-endedor differential 
inputs 
• 
Auto-incremented channel selection 
• 
Analogue voltage rangefrom VSS to VDo 
• 
On-chip track and hold circuit 
• 
8-bit successiveapproximation A/o conversion 
• 
Multiplying 
oAC with one analogue output 


Closed loop control systems; low power converter for remote data acquisition; battery operated 
equipment; acquisition of analogue valuesin automotive, audio and TV applications. 


PACKAGE OUTLINES 


PCF8591P: 16-lead 01 L; plastic (S0T38). 
PCF8591T:16-lead mini-pack; plastic (S016L; SOT162A). 
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PINNING 


1. 
AINO 1 


2. 
AINl 
f 
3. 
AlN2 
4. 
AIN3 
5. 
AO 
I 
6. 
Al 
J 
7. 
A2 
8. 
VSS 
9. 
SOA 
10. 
SCL 
11. 
OSC 


12. 
EXT 
13. 
AGNO 
14. 
VREF 
15. 
AOUT 
16 
Voo 


analogue 
inputs 
(A/O 
converter) 


negative supply 
voltage 
12C bus data input/output 
12C bus clock 
input/output 
oscillator 
input/output 
external/internal 
switch 
for oscillator 
input 
analogue ground 
voltage 
reference 
input 
analogue output 
(0/A converter) 


positive 
supply 
voltage 


Adressing 


Each PCF8591 
device in an 12C bus system 
is activated 
by sending a valid address to the device. 
The 
address consists of a fixed 
part and a programmable 
part. The programmable 
part must be set according 
to the address pins AO, A 1 and A2. The address always 
has to be sent as the first 
byte after 
the start 
condition 
in the 12C bus protocol. 
The last bit of the address byte 
is the read/write-bit 
which 
sets the 
direction 
of the following 
data transfer 
(see Figs 3 and 10). 


Control 
byte 


The second byte sent to a PCF8591 
device will 
be stored 
in its control 
register and is required 
to 
control 
the device function. 


The upper nibble 
of the control 
register 
is used for enabling 
the analogue 
output, 
and for programming 
the analogue 
inputs 
as single-ended 
or differential 
inputs. 
The lower 
nibble 
selects one of the analogue 
input 
channels 
defined 
by the upper nibble 
(see Fig. 4). If the auto-increment 
flag is set the channel 


number 
is incremented 
automatically 
after each A/O 
conversion. 


The selection 
of a non-existing 
input 
channel 
results in the highest 
available 
channel 
number 
being 
allocated. 
Therefore, 
if the auto-increment 
flag is set, the next selected channel 
will 
be always 
channel 
O. 
The most significant 
bits of both 
nibbles 
are reserved for future 
functions 
and have to be set to O. 


After 
a power-on 
reset condition 
all bits of the control 
register are reset to O. The 0/ A converter 
and 
the oscillator 
are disabled 
for power 
saving. The analogue 
output 
is switched 
to a high impedance 
state. 


~ 
AID CHANNEL NUMBER: 


00 
channel 0 
01 
channel 1 


10 
channel 2 


11 
channel 3 


'------ 
AUTOINCREMENTFLAG: 


(switched on if 1) 


Four single ended inputs 


AINO ------- 
channel 0 


AIN1 ------- 
channel 1 


AIN2 ------- 
channel 2 


AIN3 ------- 
channel 3 


01 
Three differential inputs 


"NOi 
OM""" 0 


AIN1 


~ 
channel 1 


AIN2 
~ 
channel 2 


AIN3 


10 
Single ended and differential mixed 
AINO ------- 
channel 0 
AIN1 ------- 
channel 1 


A1N2=t>- 
+ 
channel 2 


AIN3 
- 


11 
Two differential inputs 


A1N0=t>- 
+ 
channel 0 
AIN1 
- 


AIN2 =::t:>- + 
channel 1 
AIN3 
- 


'---- 
ANALOGUEOUTPUT ENABLEFLAG: 


(analogue output active if 1) 


D/A conversion 


The third 
byte sent to a PCF8591 
device is stored 
in the DAC data register and is converted 
to the 
corresponding 
analogue voltage using the on-chip 
D/ A converter. 
This D/ A converter 
consists of a 
resistor divider 
chain connected 
to the external 
reference 
voltage with 
256 taps and selection 
switches. 


The tap-decoder 
switches 
one of these taps to the DAC output 
line (see Fig. 5). 


The analogue output 
voltage 
is buffered 
by an auto-zeroed 
unity 
gain amplifier. 
This buffer 
amplifier 
may be switched 
on or off 
by setting 
the analogue output 
enable flag of the control 
register. 
In the 
active state the output 
voltage 
is held until 
a further 
data byte is sent. 


The on-chip 
D/A 
converter 
is also used for successive approximation 
AID conversion. 
In order to 
release the DAC for an A/D 
conversion 
cycle the unity 
gain amplifier 
is equipped 
with 
a track 
and 
hold circuit. 
This circuit 
holds the output 
voltage while 
executing 
the AID conversion. 


The output 
voltage supplied 
to the analogue output 
AOUT 
is given by the formula 
shown 
in Fig. 6. 


The waveforms 
of a D/A 
conversion 
sequence are shown 
in Fig. 7. 
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AID conversion 


The AID converter 
makes use of the successive approximation 
conversion 
technique. 
The on-chip 
01A 
converter 
and a high gain comparator 
are used temporarily 
during 
an AID conversion 
cycle. 


An AID conversion 
cycle is always started 
after 
sending a valid read mode address to a PCF8591 
device. 


The AID conversion 
cycle is triggered 
at the trailing 
edge of the acknowledge 
clock 
pulse and is 
executed 
while 
transmitting 
the result of the previous 
conversion 
(see Fig. 8). 


Once a conversion 
cycle is triggered 
an input 
voltage 
sample of the selected channel 
is stored 
on the 


chip and is converted 
to the corresponding 
8-bit 
binary 
code. Samples picked 
up from 
differential 
inputs 
are converted 
to an 8-bit 
two's 
complement 
code (see Fig. 9). The conversion 
result 
is stored 
in the ADC data register and awaits transmission. 
If the auto-increment 
flag is set the next channel 
is 


selected. 


The first 
byte transmitted 
in a read cycle contains 
the conversion 
result code of the previous 
read cycle. 


After 
a power-on 
reset condition 
the first 
byte 
read is a hexadecimal 
80. The protocol 
of an 
1 
2C 
bus 


read cycle 
is shown 
in Fig. 10. 


The maximum 
AID conversion 
rate is given by the actual 
speed of the 
12 C bus. 
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Reference voltage 


For the 0/ A and A/O conversion 
either a stable external 
voltage reference or the supply 
voltage has to 
be applied 
to the resistor divider 
chain (pins VREF 
and AGNO). 
The AGNO 
pin has to be connected 
to the system analogue ground 
and may have a d.c. off-set 
with 
reference to VSS. 


A low frequency 
may be applied 
to the VREF 
and AGNO 
pins. This allows the use of the O/A conver- 


ter as a one-quadrant 
multiplier; 
see Application 
Information 
and Fig. 6. 


The A/O converter 
may also be used as a one or two quadrant 
analogue divider. 
The analogue input 
voltage is divided 
by the reference voltage. 
The result is converted 
to a binary 
code. In this application 
the user has to keep the reference voltage stable during 
the conversion 
cycle. 


Oscillator 


An on-chip 
oscillator 
generates the clock signal required 
for the A/O 
conversion 
cycle and for refreshing 
the auto-zeroed 
buffer 
amplifier. 
When using this oscillator 
the EXT pin has to be connected 
to VSS. 


At the OSC pin the oscillator 
frequency 
is available. 


If the EXT pin is connected 
to Voo 
the oscillator 
output 
OSC is switched 
to a high impedance 
state 
allowing 
the user to feed an external 
clock signal to OSC. 


Bus protocol 


After 
a start condition 
a valid hardware 
address has to be sent to a PCF8591 
device. The read/write 
bit defines the direction 
of the following 
single or multiple 
byte data transfer. 
For the format 
and the 
timing 
of the start condition 
(Sl. the stop condition 
(P) and the acknowledge 
bit (A) refer to the 


12 C bus characteristics. 
In the write 
mode a data transfer 
is terminated 
by sending either 
a stop condition 


or the start condition 
of the next data transfer. 


Acknowledge 
Acknowledge 
Acknowledge 
from 
PCF8591 
from 
PCF8591 
from 
PCF8591 


~ 
__ AD_D_R_E_S_S_~_O~C± I 00"'0' 
em 
riJ.DATA 
BYTE c±:G:J:: 


N=O 
to M 


DATA BYTES 


Acknowledge 
from 
PCF8591 


~ 


Acknowledge 
from 
master 


~ 


N=O 
to M 
DATABYTES 


CHARACTERICS 
OF THE 12C BUS 


The 12C bus is for bidirectional, 
two-line communication 
between different 
ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCLl. Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transfered during each clock pulse. The data on the SDA line must remain stable during 
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as a 
control signal. 


SDA 
/ 
i 


data line 
stable: 
data valid 


change 
of data 
allowed 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW 
transition 
of the 
data line, while the clock is HIGH, is defined as the start condition 
(5). A LOW-to-HIGH 
transition 
of 
the data line while the clock is HIGH, is defined as the stop condition 
(P). 


r---j 
r---, 


SDA ----n : 
r=--_~ 
i r:-- SDA 


I 
'-11----.1..----- 
- 
----~---- 
_ ___ll--'/ 
: 
I 
1 
1 
I 


SCL 
: 
: 
\ 
/--\ 
/ 
1 
i 
: s: 
---- 
~ 
_J. 
1 
I 


L 
J 
L 
J 
start condition 


Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 


System configuration 


A device generating 
a message is a "transmitter", 
a device receiving 
a message is the "receiver". 
The 
device that 
controls 
the message is the "master" 
and the devices which 
are controlled 
by the master 
are the "slaves". 


Acknowledge. 


The number 
of data bytes transfered 
between 
the start and stop conditions 
from 
transmitter 
to 
receiver 
is not 
limited. 
Each data byte of eight bits is followed 
by one acknowledge 
bit. The acknow- 
ledge bit is a HI G H level put on the bus by the transmitter 
whereas the master also generates an extra 
acknowledge 
related 
clock 
pulse. A slave receiver which 
is addressed must generate an acknowledge 
after 
the reception 
of each byte. 
Also a master must generate an acknowledge 
after 
the reception 
of 
each byte 
that 
has been clocked 
out of the slave transmitter. 
The device that 
acknowledges 
has to pull 
down 
the SDA 
line during 
the acknowledge 
clock 
pulse, so that 
the SDA 
line is stable 
LOW during 
the 


HI G H period 
of the acknowledge 
related 
clock 
pulse. A master receiver 
must signal an end of data to 
the transmitter 
by not generating 
an acknowledge 
on the last byte that 
has been clocked 
out of the 
slave. In this event the transmitter 
must 
leave the data line HIGH 
to enable the master to generate 
a 
stop condition. 


clock pulse for 
acknowledgement 


+ 


--~ 


start 
condition 


I 
I 


I 
I 
I 
I 
I 


~ 


--~ 


Timing 
specifications 


All the timing 
values are valid within 
the operating 
supply 
voltage 
and ambient 
temperature 
range and 


refer to VI Land 
VIH 
with 
an input 
voltage 
swing of VSS to VOO· 


parameter 
symbol 
min. 
typo 
max. 
unit 


SCL clock 
frequency 
fSCL 
- 
- 
100 
kHz 


Tolerable 
spike width 
on bus 
tsw 
- 
- 
100 
ns 


Bus free time 
tBUF 
4,0 
- 
- 
}J.s 


Start 
condition 
set-up time 
tsu; 
STA 
4,0 
- 
- 
}J.s 


Start 
condition 
hold time 
tHO; 
STA 
4,7 
- 
- 
}J.s 


SCL 
LOW time 
tLOW 
4,7 
- 
- 
}J.s 


SCL HIGH 
time 
tHIGH 
4,0 
- 
- 
}J.s 


SCL and SOA rise time 
tR 
- 
- 
1,0 
}J.s 


SCL and SOA fall time 
tF 
- 
- 
0,3 
}J.s 


Data set-up time 
tsu; 
OAT 
250 
- 
- 
ns 


Data hold time 
tHO; 
OAT 
° 


- 
- 
ns 


SCL LOW to data out valid 
tvo; 
OAT 
- 
- 
3,4 
}J.s 


Stop condition 
set-up time 
tsu; 
STO 
4,0 
- 
- 
}J.s 


RATINGS 


Limiting valuesin accordancewith the Absolute Maximum System (IEC 134) 


Supply voltage range 
VOO 


Voltage on any pin 
VI 


Input current d.c. 
II 
max. 


Output current d.c. 
lomax. 


VOO or VSS current 
100,ISS 
max. 


Power dissipation per package 
Ptot 
max. 


Power dissipation per output 
P 
max. 


Storage temperature range 
Tstg 


Operating ambient 
temperature range 
Tamb 


-0,5 
to +8,0 V 


-0,5 to VOO +0,5 V 


10 mA 


20 
mA 


50 mA 


300 mW 


100 mW 


-65 to +150 0C 


Note: 


Inputs and outputs are protected againstelectrostatic dischargesin normal handling. However, to be 
totally safe, it is advisedto take handling precautions appropriate to handling MOS devices (see 
'Handling MOS devices'). 


CHARACTERISTICS 


VOO = 2,5 V to 6 V; VSS = 0 V; Tamb = -40 0C to +85 0C unlessotherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Supply 


Supply voltage 
operating 
VOO 
2,5 
- 
6,0 
V 


Supply current 
standby 
VI = VSS or VOO; 
no load 
1000 
- 
1 
15 
J1A 


Supply current 
operating; AOUT off; 
fSCL = 100 kHz 
1001 
- 
125 
250 
J1A 


Supply current 
AOUT active; 
fSCL = 100 kHz 
1002 
- 
0,45 
1,0 
mA 


Power-on reset level 
note 1 
VPOR 
0,8 
- 
2,0 
V 


Digital inputs/output 
SCL,SOA,AO,Al,A2 


Input voltage 
LOW 
VIL 
0 
- 
0,3 x VOO 
V 


Input voltage 
HIGH 
VIH 
0,7 x VOO 
- 
VOO 
V 


Input current 
leakage; 
VI = VSS to VOO 
II 
- 
- 
250 
nA 


Input capacitance 
CI 
- 
- 
5 
pF 


SOA output current 
leakage; 
HIGH at VOH = VOO 
IOH 
- 
- 
250 
nA 


SOA output current 
LOW at VOL = 0,4 V 
IOL 
3,0 
- 
- 
mA 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Reference voltage inputs 


Voltage range* 
VREF>VAGNO 
VREF 
VSS+1,6 
- 
VOO 
V 


Voltage range* 
VREF >V AGNO 
VAGNO 
VSS 
- 
VOO-0,8 
V 


Input current 
leakage 
II 
- 
- 
250 
nA 


Input resistance 
VREF to AGNO 
RREF 
- 
100 
- 
kU 


Oscillator 
OSC, EXT 


Input current 
leakage 
II 
- 
- 
250 
nA 


Oscillator frequency 
fOSC 
0,75 
- 
1,25 
MHz 


O/A CHARACTERISTICS 


VOO = 5,0 V; VSS = 0 V; VREF = 5,0 V; VAGNO 
= 0 V; Rload = 10 kU; Cload = 100 pF; 


Tamb = -40 
oC to +85 oc unless otherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Analogue output 


Output 
voltage range 
no resistive load 
VOA 
VSS 
- 
VOO 
V 


Output 
voltage range 
Rload=10kU 
VOA 
VSS 
- 
0,9xVOO 
V 


Output 
current 
leakage; 
AOUT disabled 
ILO 
- 
- 
250 
nA 


Accuracy 


Offset error 
Tamb = 25 oc 
OSe 
- 
- 
50 
mV 
Linearity 
error 
Le 
- 
- 
±1,5 
LSB 
Gain error 
no resistive load 
Ge 
- 
- 
1 
% 


Settling time 
to 'h LSB full 
scale step 
tOAC 
- 
- 
90 
J.l.S 


Conversion rate 
fOAC 
- 
- 
11,1 
kHz 


Supply noise rejection 
atf=100Hz; 
VOO=0,1 
Vpp 
SNRR 
- 
40 
- 
dB 


VREF+VAGNO 
"""'08 V 
dV 
VREF+VAGNO 
::::::0,4V. 
~, 
an 
00 - 
~ 
2 
2 


A/D CHARACTERISTICS 
VDD = 5,0 V; VSS = 0 V; VREF = 5,0 V; VAGND 
= 0 V; Rsource = 10 kn; 
Tamb = -40 
°C to +85 °C 
unless otherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Analogue inputs 


Input voltage range 
VIA 
VSS 
- 
VDD 
V 


Input current 
leakage 
IIA 
- 
- 
100 
nA 


Input capacitance 
CIA 
- 
10 
- 
pF 


Input capacitance 
differential 
CID 
- 
10 
- 
pF 


Single-ended voltage 
measuring range 
VIS 
VAGND 
- 
VREF 
V 


Differential 
voltage 
measuring range; 
VFS = VREF 
-VFS 
+VFS 
- 
VAGND 
VID 
- 
-- 
V 
2 
2 


Accuracy 


Offset error 
Tamb = 25 °C 
OSe 
- 
- 
20 
mV 


Linearity 
error 
Le 
- 
- 
±1,5 
LSB 


Gain error 
Ge 
- 
- 
1 
% 


Gain error 
small-signal; 
D.VIN = 16 LSB 
GSe 
- 
- 
5 
% 


Rejection ratio 
common-mode 
CMRR 
- 
60 
- 
dB 


Supply noise rejection 
at f = 100 Hz; 
VDDN 
= O,lxVpp 
SNRR 
- 
40 
- 
dB 


Conversion time 
tADC 
- 
-- 
90 
!.Is 


Sampling/conversion 
rate 
fADC 
- 
- 
11,1 
kHz 


Note 
1. The power on reset circuit 
resets the 
12 C bus logic when VDD 
is lessthan VPOR· 


IDD 


(/lA) 
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hex input code 


(a) output 
impedance 
near negative power 
rail; 


Tamb = + 27 oc. 


500 
c: 


0> 
U 
C 
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Co 
§ 
:; 
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0« 
0 
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/ 
V 
/ 
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V 
-V 


EO 
FO 
FF 


hex input code 


(b) 
output 
impedance 
near positive 
power 
rail; 


Tamb = + 27 oc. 


APPLICATION 
INFORMATION 


Inputs must be connected to VSS or VDD when not in use. Analogue inputs may also be connected to 


AGND or VREF. 
In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to 
analogue signal paths the user has to design the printed-circuit 
board layout very carefully. 
Supply 
lines common to a PCF8591 device and noisy digital circuits and ground loops should be avoided. 
Decoupling capacitors (> 10 /IF) are recommended for power supply and reference voltage inputs. 


.,.1 ANALOGUE GROUND 
.1DIGITAL GROUND 


VDD 
vDD 
+H 


VDD 


AINO 
AOUT 


AIN1 
vREF 


AIN2 
AGND 


AIN3 
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AO 
PCF8591 
OSC 


A1 
SCL 


A2 
SDA 
VSS 


vDD 


vDD 


vOUT 
AINO 
AOUT 


AIN1 
vREF 


AIN2 
AGND 


AIN3 
EXT 


AO 
PCF8591 
OSC 


A1 
SCL 


A2 
SDA 


VSS 


VDD 


a-bit high-speed 
analog-to-digital 
converter 


Product 
specification 


• 
8-bit resolution 


• 
Sampling 
rate up to 40 MHz 


• 
High signal-to-noise 
ratio over a 
large analog 
input frequency 
range (7.1 effective 
bits at 


4.43 MHz full-scale 
input) 


• 
Binary or two's complement 
3-state TTL outputs 


• Overflow/underflow 
3-state TTL 


output 


• TTL compatible 
digital inputs 


• 
Low-level 
AC clock input signal 


allowed 


• 
Internal 
reference 
voltage 
generator 


• 
Power dissipation 
only 290 mW 


(typical) 


• 
Low analog 
input capacitance, 
no 
buffer amplifier 
required 


• 
No sample and hold circuit 
required 


• 
General 
purpose 
high-speed 


analog-to-digital 
conversion 


• 
Digital TV, IDTV 


• Subscriber 
TV decoder 


• Satellite TV decoders 


• 
Digital VCR 


The TDA8703 
is a monolithic 
bipolar 


8-bit high-speed 
analog-to-digital 
converter 
(ADC) for video and other 


applications. 
It converts 
the analog 


input signal into 8-bit binary-coded 
digital words at a maximum 
sampling 
rate of 40 MHz. All digital 
inputs and outputs are TTL 
compatible, 
although 
a low-level 
AC 
clock input signal is allowed. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSmON 
MATERIAL 
CODE 


TDA8703 
24 
DIL 
plastic 
SOT101 


TDA8703T 
24 
S024 
plastic 
SOT137A 


8-bit high-speed 
analog-to-digital 
converter 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog 
supply voltage 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


Vcco 
output stages supply voltage 
4.5 
5.0 
5.5 
V 


ICCA 
analog 
supply current 
- 
28 
36 
mA 


ICCD 
digital supply current 
- 
19 
25 
mA 


Icco 
output stages supply current 
- 
11 
14 
mA 


IlE 
DC integral 
linearity error 
- 
- 
±1 
lSB 


DlE 
DC differential 
linearity error 
- 
- 
±1/2 
lSB 


AilE 
AC integral 
linearity 
error 
note 1 
- 
- 
±2 
lSB 


B 
-3 dB bandwidth 
note 2; fClK= 40 MHz 
- 
19.5 
- 
MHz 


fClK/fCLK 
maximum 
conversion 
rate 
note 3 
40 
- 
- 
MHz 


P,o, 
total power dissipation 
- 
290 
415 
mW 


Notes 
to the quick 
reference 
data 


1. Full-scale 
sinewave 
(f; = 4.4 MHz; fClK; fCLK= 27 MHz). 


2. The -3 dB bandwidth 
is determined 
by the 3 dB reduction 
in the reconstructed 
output (full-scale 
signal at input). 


3. The circuit has two clock inputs ClK 
and ClK. 
There are four modes of operation: 


• TTl 
(mode 
1); ClK 
decoupled 
to DGND by a capacitor. 
ClK 
input is TTl 
threshold 
voltage of 1.5 V and 
sampling 
on the lOW-to-HIGH 
transition 
of the input clock signal. 


• TTl 
(mode 2); ClK 
decoupled 
to DGND by a capacitor. 
ClK 
input is TTL threshold 
voltage 
of 1.5 V and 
sampling 
on the HIGH-to-lOW 
transition 
of the input clock signal. 


• AC drive modes 
(modes 3 and 4); When driving the ClK 
input directly and with any AC signal of 0.5 V 
(peak-to-peak 
value) imposed 
on a DC level of 1.5 V, sampling 
takes place on the lOW-to-HIGH 
transition 
of the 


clock signal. When driving the ClK 
input with such a signal, sampling 
takes place on the HIGH-to-LOW 
transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple 
this input to DGND with a 100 nF 


capacitor. 


Philips Semiconductors 


8-bit high-speed 
analog-to-digital 
converter 


VCCA 


7 


analog 
VI 
8 
voltage 
input 


I 
I ANALOG· 
TO· 
DIGITAL 
: 
CONVERTER 


I 


TDA8703 
TDA8703T 


Vcco 


18 


12 
07 


MSB 
13 
06 


14 D5 


15 
04 


TILOUTPUTS 
23 
D3 
data outputs 


24 
D2 


1 
D1 


DO 
LSB 


19 
VCCO 


11 
overflow 
I underflow 


output 


MGA015 


8-bit high-speed 
analog-to-digital 
converter 


SYMBOL 
PIN 
DESCRIPTION 


01 
1 
data output, 
bit 
1 


DO 
2 
data output, bit 0 (lSB) 


AGNO 
3 
analog ground 


VAS 
4 
reference 
voltage 
bottom 
(decoupling) 


OEC 
5 
decoupling 
input (intemal 
stabilization 
loop 


decoupling) 


n.c. 
6 
not connected 


VCCA 
7 
positive 
supply voltage for analog 
circuits 
(+5 V) 


VI 
8 
analog voltage 
input 


Vrrr 
9 
reference 
voltage top (decoupling) 


n.c. 
10 
not connected 


O/UF 
11 
overflow/underflow 
data output 


07 
12 
data output, 
bit 7 (MSB) 


06 
13 
data output, 
bit 6 


05 
14 
data output, 
bit 5 


04 
15 
data output, 
bit 4 


ClK 
16 
clock input 


ClK 
17 
complementary 
clock input 


Vcca 
18 
positive 
supply voltage for digital circuits 
(+5 V) 


Vcco 
19 
positive 
supply voltage for output stages 
(+5 V) 


OGNO 
20 
digital ground 
TC 
21 
input for two's complement 
output (TTl level input, 


active lOW) 


CE 
22 
chip enable input (TTl level input, active lOW) 


03 
23 
data output, 
bit 3 


02 
24 
data output, 
bit 2 


8-bit high-speed 
analog-to-digital 
converter 


LIMITING 
VALUES 


In accordance 
with the Absolute 
Maximum 
System 
(IEC134) 


SYMBOL 
PARAMETER 
CONOmONS 
MIN. 
MAX. 
UNIT 


VCCA 
analog 
supply voltage 
range 
-0.3 
7.0 
V 


VCCD 
digital supply voltage 
range 
-0.3 
7.0 
V 


Vcco 
output stages supply voltage 
-0.3 
7.0 
V 


VCCA 
- 
VCCD 
supply voltage 
differences 
-1.0 
1.0 
V 


Vcco - 
VCCD 
supply voltage differences 
-1.0 
1.0 
V 


VCCA 
- 
Vcco 
supply voltage 
differences 
-1.0 
1.0 
V 


VYI 
input voltage 
range 
referenced 
to AGND 
-0.3 
7.0 
V 


V CLK(P'P.;v 
CLKIP-p) 
AC input voltage for switching 
see note; referenced 
to 
- 
2.0 
V 


(peak-to-peak 
value) 
DGND 


10 
output current 
- 
+10 
mA 


T"9 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
range 
0 
+70 
°C 


Tj 
junction 
temperature 
- 
+125 
°C 


Note to the limiting 
values 


The circuit has two clock inputs ClK 
and ClK. 
There are four modes of operation: 


• TIl 
(mode 
1); ClK 
decoupled 
to DGND by a capacitor. 
ClK 
input is TTl 
threshold 
voltage 
of 1.5 V and sampling 
on the lOW-to-HIGH 
transition 
of the input clock signal. 


• TIl 
(mode 2); ClK 
decoupled 
to DGND by a capacitor. 
ClK 
input is TTl 
threshold 
voltage 
of 1.5 V and sampling 
on the HIGH-to-lOW 
transition 
of the input clock signal. 


• AC drive modes 
(modes 
3 and 4); When driving the ClK 
input directly and with any AC signal of 0.5 V 
(peak-to-peak 
value) 
imposed 
on a DC level of 1.5 V, sampling 
takes place on the lOW-te-HIGH 
transition 
of the 


clock signal. When driving the ClK 
input with such a signal, sampling 
takes place on the HIGH-to-lOW 
transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple 
this input to DGND with a 100 nF 
capacitor_ 


SYMBOL 
PARAMETER 
THERMAL 
RESISTANCE 


RlIlj_a 
from junction 
to ambient 
in free air (SOT1 01) 
55 KN.J 


Rill j-a 
from junction 
to ambient 
in free air (SOT137A) 
75 KN.J 


Inputs and outputs 
are protected 


against 
electrostatic 
discharges 
in 


normal 
handling. 
However, 
to be 


totally safe, it is desirable 
to take 


normal precautions 
appropriate 
to 


handling 
integrated 
circuits. 


a-bit high-speed 
analog-to-digital 
converter 


CHARACTERISTICS 
(see Tables 1 and 2) 


VCCA= V7 - Va = 4.5 V to 5.5 V; VCCD= V18 - V20= 4.5 V to 5.5 V; Vcco = V,9 - V20= 4.5 V to 5.5 V; AGND and DGND 
shorted together; VCCA- VCCD= -Q.5 V to +0.5 V; Vcco - VCCD= -0.5 V to +0.5 V; VCCA- VCCD= -Q.5 V to +0.5 V; To",*, 
= 0 °C to +70 °C; unless otherwise specified (typical values measured at VCCA= VCCD= Vcco = 5 V and Tami> = 25°C) 


SYMBOL 
PARAMETER 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


VCCA 
analog supply voltage 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


Vcco 
output stages supply voltage 
4.5 
5.0 
5.5 
V 


ICCA 
analog supply current 
- 
28 
36 
mA 


ICCD 
digital supply current 
- 
19 
25 
mA 


Icco 
output stage supply current 
all outputs lOW 
- 
11 
14 
mA 


Inputs 


CLOCKINPUTClK 
ANO ClK 
(NOTE1; REFERENCED 
TODGND) 


V'l 
lOW level input voltage 
0 
- 
0.8 
V 


VIH 
HIGH level input voltage 
2.0 
- 
VCCD 
V 


I,l 
lOW level input current 
Vcuc.NCLK= 0.4 V 
-400 
- 
- 
l!A 


I'H 
HIGH level input current 
Vcuc.NCLK= 0.4 V 
- 
- 
100 
l!A 


Vcuc.NCLK= VCCD 
- 
- 
300 
l!A 


Zj 
input impedance 
fClK/fCU(= 10 MHz 
- 
4 
- 
kQ 


Ci 
input capacitance 
fcuc./fCU(= 10 MHz 
- 
4.5 
- 
pF 


Vcuc.(p-p)- 
VClK(P-p) 
AC input voltage for 
note 
1; 
0.5 
- 
2.0 
V 


switching (peak-to-peak 
DC level = 1.5 V 
value) 


Inputs TC and CE (referenced to DGND) 


VP.. 
lOW level input voltage 
0 
- 
0.8 
V 


V'H 
HIGH level input voltage 
2.0 
- 
VCCD 
V 


I,l 
lOW level input current 
Vll = 0.4 V 
-400 
- 
- 
l!A 


I'H 
HIGH level input current 
V'H= 2.7 V 
- 
- 
20 
l!A 


VI (analog 
input voltage 
referenced 
to AGNO) 


VVI(B) 
input voltage (bottom) 
1.33 
1.41 
1.48 
V 


VVI(O) 
input voltage 
output code = 0 
1.455 
1.55 
1.635 
V 


VOS(B) 
offset voltage (bottom) 
VVI(O)- VVI(BI 
0.125 
- 
0.155 
V 


VVI(T) 
input voltage (top) 
3.2 
3.36 
3.5 
V 


VVI(255) 
input voltage 
output code = 255 
3.115 
3.26 
3.385 
V 


Vosm 
offset voltage (top) 
VVI(T)- VV12551 
0.085 
- 
0.115 
V 


VVI(P'PI 
input voltage amplitude 
1.66 
1.71 
1.75 
V 


(peak-to-peak 
value) 


I,l 
lOW level input current 
VVI= 1.4 V 
- 
0 
- 
l!A 


I'H 
HIGH level input current 
VVI= 3.6 V 
60 
120 
180 
l!A 


8-bit high-speed 
analog-to-digital 
converter 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VI (analog 
input 
voltage 
referenced 
to AGND) 


Z; 
input impedance 
f; = 1 MHz 
- 
10 
- 
kQ 


Cj 
input capacitance 
f; = 1 MHz 
- 
14 
- 
pF 


Reference 
resistance 


Are! 
reference 
resistance 
VRT to VAS 
- 
220 
- 
Q 


Outputs 


DIGITALOUTPUTS 
(07 - DO) (REFERENCED 
TO DGND) 


Vex. 
LOW level output voltage 
10= 
1 mA 
0 
- 
0.4 
V 


VOH 
HIGH level output voltage 
10 = -0.4 
mA 
2.7 
- 
Vcco 
V 


loz 
output current 
in 3-state 
mode 
O.4V<Vo<Vcco 
-20 
- 
+20 
~A 


Switching 
characteristics 
(note 2; see Fig.3) 


fcu/fW 
maximum 
clock frequency 
40 
- 
- 
MHz 


Analog 
signal 
processing 
(fcLK = 40 MHz) 


B 
-3 dB bandwidth 
note 3 
- 
19.5 
- 
MHz 


Gd 
differential 
gain 
note 4 
- 
0.6 
- 
% 


$d 
differential 
phase 
note 4 
- 
0.8 
- 
deg 


f1 
fundamental 
harmonics 
fj = 4.43 MHz 
- 
- 
0 
dB 
(full-scale) 


fall 
harmonics 
(full-scale), 
all 
fj = 4.43 MHz 
- 
-55 
- 
dB 
components 


SVRR1 
supply voltage 
ripple rejection 
noteS 
- 
-28 
-25 
dB 


SVRA2 
supply voltage 
ripple rejection 
note 5 
- 
1 
2.5 
%/11 


Transfer 
function 


ILE 
DC integral 
linearity 
error 
- 
- 
±1 
LSB 


OLE 
DC differential 
linearity 
error 
- 
- 
±1/2 
LSB 


AILE 
AC integral 
linearity 
error 
note 6 
- 
- 
±2 
LSB 


eff 
effective 
bits 
fj = 4.43 MHz 
- 
7.1 
- 
bits 


Timing 
(note 7; see Figs 3 to 6; fClK = 40 MHz) 


~ 
sampling 
delay 
- 
- 
2 
ns 


4Jo 
output hold time 
6 
- 
- 
ns 
t.:..H 
output delay time 
LOW-to-HIGH 
transition 
- 
8 
10 
ns 


~l 
output delay time 
HIGH-to-LOW 
transition 
- 
14 
16 
ns 
~ 
3-state output delay times 
enable-to-HIGH 
- 
19 
25 
ns 
~ 
3-state output delay times 
enable-to-LOW 
- 
16 
20 
ns 
~ 
3-state output delay times 
disable-to-HIGH 
- 
14 
20 
ns 
t.:..z 
3-state output delay times 
disable-to-LOW 
- 
9 
12 
ns 


8-bit high-speed 
analog-to-digital 
converter 


Notes to the characteristics 


1. The circuit has two clock inputs ClK 
and ClK. 
There are four modes of operation: 


• TIl 
(mode 
1); ClK 
decoupled 
to OGNO by a capacitor. 
ClK 
input is TIl 
threshold 
voltage 
of 1.5 V and 
sampling 
on the lOW-to-HIGH 
transition 
of the input clock signal. 


• TIl 
(mode 2); ClK 
decoupled 
to OGNO by a capacitor. 
ClK 
input is TTl 
threshold 
voltage 
of 1.5 V and 
sampling 
on the HIGH-to-lOW 
transition 
of the input clock signal. 


• AC drive modes 
(modes 3 and 4); When driving the ClK 
input directly and with any AC signal of 0.5 V 
(peak-to-peak 
value) imposed 
on a OC level of 1.5 V, sampling 
takes place on the lOW-to-HIGH 
transition 
of 
the clock signal. When driving the ClK 
input with such a signal, sampling 
takes place on the HIGH-to-lOW 


transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple 
this input to OGNO with a 100 nF 
capacitor. 


2. In addition 
to a good layout of the digital and analog ground, 
it is recommended 
that the rise and fall times of the 
clock must not be less than 
2 ns. 


3. The -3 dB bandwidth 
is determined 
by the 3 dB reduction 
in the reconstructed 
output (full-scale 
signal at the input). 


4. low 
frequency 
ramp signal (VY1IP'P)= 1.8 V and f; = 15 kHz) combined 
with a sinewave 
input voltage 
(VY1IP'P)= 0.5 V, f; = 4.43 MHz) at the input. 


5. Supply voltage 
ripple rejection: 


• SVRR1; 
variation 
of the input voltage 
producing 
output code 127 for supply voltage 
variation 
of 1 V: 


SVRR1 
= 20 log (IWY1(127) I tNCCA) 


• SVRR2; 
relative variation 
of the full-scale 
range of analog 
input for a supply voltage 
variation 
of 1 V: 


SVR2 
= {6(Vyl(o) 
- 
VY1(255»)I (Vyl(O)- 
VY1(255»)} + 6VCCA' 


6. Full-scale 
sinewave 
(f; = 4.4 MHz; fclK; fCLK= 27 MHz). 


7. Output 
data acquisition: 


• Output data is available 
after the maximum 
delay of ~Hl and td..H' 


• Output 
data is fully stable during the low level of the clock. Thus it is recommended 
that acquisition 
of this data 
is made after the falling edge of the clock, instead of after the maximum 
(~Hl' ~H)' 


BINARY 
OUTPUT 
BITS 
TWO's 
COMPLEMENT 
OUTPUT 
BITS 


STEP 
VY1(D-D) 
O/UF 
07 
06 
05 
04 
03 
02 
01 
00 
07 
06 
05 
04 
03 
02 
01 
00 


underflow 
< 1.55 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


0 
1.55 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


1 
- 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 


254 
• 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 


255 
3.26 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


overflow 
> 3.26 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


8-bit high-speed 
analog-to-digital converter 


TC 
CE 
07 - DO 
OIUF 


X 
1 
high impedance 
high impedance 


0 
0 
active; two's complement 
active 


1 
0 
active; binary 
active 


sample 
N + 1 
/ 


reference 
level 
(1.3 VI 


8-bit high-speed 
analog-to-digital 
converter 


8-bit high-speed 
analog-to-digital 
converter 


TIMING 
MEASUREMENT 
SWITCH 
S1 
SWITCH 
S2 
CAPACITOR 


~H 
open 
closed 
15 pF 


~l 
closed 
open 
15 pF 


~z 
closed 
closed 
5 pF 


luLz 
closed 
closed 
5 pF 


8-bit high-speed 
analog-to-digital 
converter 


Product 
specification 


Philips Semiconductors 


8-bit high-speed 
analog-to-digital 
converter 


Additional application information 
will be supplied upon request 
(please quote number FTV/8901). 


01 
24 
02 


DO 
2 
23 
03 


AGNO 
3 
22 
CE 


VRS 
4 
21 
TC 


OEC 
5 
OGNO 
20 


n.c. 
6 
19 
Vcca 


47 pF 
TOA8703 


VCCA 
TOA8703T 
VCCD 
7 
18 


4.7 IlF 
VI 
8 
ClK 
+ 
17 


VRT 
9 
16 
ClK 
1100PF 


+9~"' 


n.c. 
10 
04 
OGNO 
15 


alUF 
11 
14 
05 


AGNO 
07 
12 
13 
06 


MGA014 


Notes to Fig.13 


1. 
ClK should be decoupled to the DGND with a 100 nF capacitor, if a TTl signal is used on CLK (see 'Notes 
to the characteristics', note 1). 


2. 
ClK and CLK can be used in a differential mode (see 'Notes to the characteristics', note 1). 


3. 
VAS and VAT are decoupling pins for the internal reference ladder; do not draw current from these pins in 
order to achieve good linearity. 


4. 
Analog and digital supplies should be separated and decoupled. 


5. 
Pins 6 and 10 should be connected to AGND in order to prevent noise influence. 


Preliminary 
specification 


6-bit analog-to-digital 
converter 
with multiplexer 
and clamp 


• 
6-bit resolution 


• 
Binary 3-state TTL outputs 


• TTL compatible 
digital inputs 


• 3 multiplexed 
video inputs 


• 
Luminance 
and colour difference 
clamps 


• 
Internal 
reference 


• 300 mW power dissipation 


• 20-pin plastic package 


• General 
purpose 
video 
applications 


• Y, U and V signals 


• Colour 
Picture-in-Picture 
(PIPCO) 
for TV 


• Videophone 


• 
Frame grabber 


The TOA8706 
is a monolithic 
bipolar 
6-bit analog-to-digital 
converter 
(AOC) with a 3 analog 
input 
multiplexer 
and a clamp. All digital 
inputs and outputs 
are TTL 
compatible. 
Regulator 
with good 
temperature 
compensation. 


FUNCTIONAL 
DESCRIPTION 


The TOA8706 
is a 'like-flash' 
converter 
which produces 
an output 
code in one clock period. The device 
can withstand 
a duty clock cycle of 
50 to 66.6% 
(clock HIGH). 
Luminance 
clamping 
level is fitted 
with 00 hex. code (output 000000). 
Chrominance 
clamping 
level is fitted 
with 20 Hex. code (output 
100000). 


QUICK 
REFERENCE 
DATA 
Measured 
over full voltage 
and temperature 
ranges 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog 
supply 
4.5 
5.0 
5.5 
V 
voltage 
(pin 2) 


VCCD 
digital supply 
4.5 
5.0 
5.5 
V 
voltage 
(pin 10) 


ICCA 
analog 
supply 
- 
32 
39 
mA 
current 
(pin 20) 


ICCD 
digital supply 
- 
28 
37 
mA 
current 
(pin 10) 


ILE 
integral 
- 
- 
±O.75 
LSB 
linearity 
error 


OLE 
DC differential 
- 
- 
±O.5 
LSB 
linearity 
error 


fcU< 
maximum 
20 
- 
- 
MHz 
clock frequency 


Plot 
total power 
- 
300 
418 
mW 
dissipation 


Tomb 
operating 
0 
- 
+70 
°C 
ambient 
temperature 
range 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA8706 
20 
OIL 
plastic 
SOT146EF4 


TDA8706T 
20 
S020L 
plastic 
SOT163AG7 


TDA8706 


11 
8 
9 
10 


VCCA 
VCCD 
C 
B 
A 


select 
inputs 
reference 
vottage 
TOP 


reference 
vottage 
BOnOM 


digital 
voltage 
outputs 


6-bit analog-to-digital 
converter 
with multiplexer 
and clamp 


CLAMP 


VCCD 


Inputs and outputs 
are protected 
against 
electrostatic 
discharges 
in 
normal handling. 
However, 
to be 


totally safe, it is desirable 
to take 


normal 
precautions 
appropriate 
to 


handling 
integrated 
circuits. 


SYMBOL 
PIN 
DESCRIPTION 


GND 
1 
ground 


VCCA 
2 
analog 
positive supply (+5 V) 


VRT 
3 
reference 
voltage TOP decoupling 


VRS 
4 
reference 
voltage 
BOnOM 
decoupling 


INC 
5 
chrominance 
input 


INB 
6 
chrominance 
input 


INA 
7 
luminance 
input 


C 
8 
select input 


B 
9 
select input 


A 
10 
select input 


VCCD 
11 
digital positive supply voltage 
(+5 V) 


CLAMP 
12 
clamp pulse input (positive 
pulse) 


ClK 
13 
clock input 


CE 
14 
chip enable 
(active lOW) 


D5 
15 
digital voltage 
output: most significant 
bit (MSB) 


04 
16 
digital voltage 
output 


03 
17 
digital voltage 
output 


02 
18 
digital voltage 
output 


01 
19 
digital voltage 
output 


00 
20 
digital voltage 
input: least significant 
bit (lSB) 


LIMITING 
VALUES 
In accordance 
with the Absolute 
Maximum 
System 
(IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VCCA 
analog 
supply voltage 
range (pin 2) 
-0.3 
7.0 
V 


VCCD 
digital supply voltage 
range (pin 10) 
-D.3 
7.0 
V 


VCCA-VCCD 
supply voltage difference 
1.0 
- 
V 


VI 
input voltage 
range 
-D.3 
7.0 
V 


10 
output current 
- 
10 
mA 


T"9 
storage 
temperature 
range 
-55 
+150 
°C 


Tomb 
operating 
ambient 
temperature 
0 
+70 
°C 


range 


6-bit analog-to-digital 
converter 
with multiplexer and clamp 


CHARACTERISTICS 
(see Tables 
1 and 2) 
VCCA= 4.5 V to 5.5 V; VCCD= 4.5 V to 5.5 V = VCCD;TOrrb = 0 °C to +70°C; CVRB= CVR' = 100 nF; Typical values 
measured 
at VCCA= VCCD= 5 V and Tomb= 25°C; 
unless otherwise 
specified 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


VCCA 
analog 
supply voltage 
(pin 2) 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
(pin 10) 
4.5 
5.0 
5.5 
V 


ICCA 
analog 
supply current 
(pin 2) 
- 
32 
39 
mA 


ICCD 
digital supply current 
(pin 10) 
all outputs at 
- 
28 
37 
mA 


LOW level 


Inputs 


CLOCKINPUT(PIN 13) 


V1L 
LOW level input voltage 
0 
- 
0.8 
V 


V1H 
HIGH level input voltage 
2.0 
- 
VCCD 
V 


IlL 
LOW level input current 
VCLK= 0.4 V 
-400 
- 
- 
IlA 


I'H 
HIGH level input current 
VCLK= 2.7 V 
- 
- 
100 
IlA 


Z, 
input impedance 
fCLK= 20 MHz 
- 
4 
- 
kO 


Ci 
input capacitance 
fCLK= 20 MHz 
- 
2 
- 
pF 


A, B, C, CLAMP 
ANDCEN INPUTS(PINS8,9,10,12 
AND14) 


V1L 
LOW level input voltage 
0 
- 
0.8 
V 


V1H 
HIGH level input voltage 
2 
- 
VCCD 
V 


IlL 
LOW level input current 
VCLK= 0.4 V 
-400 
- 
- 
IlA 


I'H 
HIGH level input current 
VCLK= 2.7 V 
- 
- 
20 
IlA 


Reference 
voltage 
(pins 
3 and 4) 


VRT 
reference 
voltage TOP decoupling 
3.22 
3.35 
3.44 
V 


VRB 
reference 
voltage 
BOTTOM 
decoupling 
1.84 
1.9 
1.96 
V 


VRT- VRS 
reference 
voltage 
TOP - BOTTOM 
decoupling 
1.36 
1.435 
1.48 
V 


Analog 
inputs 
INA, INB, INC (pins 
7, 6 and 5) 


V11P1J) 
input voltage amplitude 
(peak-to-peak 
value) 
840 
900 
940 
mV 


ZI 
input impedance 
f, = 4.43 MHz 
100 
- 
- 
kO 


Ccla"l' 
coupling 
clamp capacitance 
1 
10 
1000 
nF 


Analog 
signal 
processing 
(pins 
5, 6 and 7) (fcLK = 20 MHz) 


f, 
fundamental 
harmonics 
(full scale) 
fi = 4.43 MHz 
- 
- 
0 
dB 


fall 
harmonics 
(full scale); all components 
fi = 4.43 MHz 
- 
-45 
- 
dB 


Gdlf 
differential 
gain 
note 1 
- 
0.4 
- 
% 


4>diff 
differential 
phase 
note 1 
- 
1.0 
- 
deg 


SVRR 
supply voltage 
ripple rejection 
note 2 
- 
-30 
- 
dB 


Outputs 


DIGITALVOLTAGEOUTPUTS(PINS15 TO 20) (SEETABLE2) 


VOL 
LOW level output voltage 
10 = 1 mA 
0 
- 
0.4 
V 


6-bit analog-to-digital 
converter 
with multiplexer 
and clamp 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VOH 
HIGH level ouptut voltage 
10 = 0.5 mA 
2.7 
- 
VCCD 
V 


loz 
output current in 3-state 
mode 
0.4 V < Vo < VCCD -20 
- 
20 
~A 


Switching 
characteristics 


CLOCKTIMING(SEE 
FIG.3) 


fClK 
maximum 
clock frequency 
20 
- 
- 
MHz 


frrux 
maximum 
multiplexing 
frequency 
10 
- 
- 
MHz 


leU< 
period 
50 
- 
- 
ns 


duty cycle 
ClK = VIH 
45 
50 
66.6 
% 


~ow 
lOW 
time 
at 50% 
16 
- 
- 
ns 


~IGH 
HIGH time 
at 50% 
225 
- 
- 
ns 


lelR 
rise time 
at 10%to 
90% 
4 
6 
- 
ns 


lelF 
fall time 
at 90% to 10% 
4 
6 
- 
ns 


Select signals, 
Clamp, 
Data (see Figs 4 and 5) 


ts 
set-up time select A, Band 
C 
35 
- 
- 
ns 


t, 
rise time (A, B and C) 
at 10% to 90% 
4 
6 
- 
ns 
~ 
fall time (A, B and C) 
at 90% to 10% 
4 
6 
- 
ns 


lelPS 
set-up time clamp asynchronous 
0 
- 
- 


lelPH 
hold time clamp asynchronous 
0 
- 
- 


lelPP 
clamp pulse 
CClP = 10 nF 
- 
3 
- 
~s 
t.J 
data output delay time 
- 
15 
24 
ns 


tDH 
data hold time 
12 
- 
- 
ns 


Transfer 
function 


ILE 
DC integral 
linearity 
error 
- 
- 
±O.75 
LSB 


DLE 
DC differential 
linearity 
error 
- 
- 
±0.5 
LSB 


AILE 
AC integral 
linearity 
error 
note 3 
- 
- 
±2 
LSB 


EB 
effective 
bits 
note 3 
- 
5.7 
- 
bits 


TIming 


DIGITAl.OUTPUTS 


Tei 
3-state 
delay time 
see Fig.6 
- 
16 
25 
ns 


T ~, 
sampling 
time offset 
- 
2 
- 
ns 


1. Low frequency 
ramp signal (VVI(P-P)= 1.8 V and f, = 15 kHz) combined 
with a sinewave 
input voltage 
(VVI(p'p)= 0.5 V 
and f, = 4.43 MHz) at the input. 


2. Supply voltage 
ripple rejection 
(SVRR): 
variation 
of the input voltage 
produces 
output code 31 for a supply voltage 


variation 
of 1 V. 


t.V 
SVRR = 20 log 
~t.VecA 


3. Full-scale 
sinewave; 
f, = 4.43 MHz, fClK= 20 MHz. 


6-bit analog-to-digital converter 
with multiplexer and clamp 


VI (note 1) 
BINARY OUTPUTS 
STEP 
(TYP. value) 
D5 to DO 


Underflow 
<2.2 
V 
000000 


0 
2.2V 
000000 


1 
2.215 V 
000001 


...... 


...... 


...... 


62 
3.072 V 
111110 


63 
3.086 V 
111111 


Overflow 
> 3.1 V 
111111 


Note 


1. 
With clamping 
capacitance. 


CEN 
DO to D5 


1 
high impedance 


0 
active. 
Binary 


A 
CLAMP 
DIGITAL OUTPUTS 
VtroA 


0 
1 
X 
2.2 


1 
1 
0 
2.2 


Note 


X = don't care. 


BIC 
CLAMP 
DIGITAL 
V,nBNtroC 
OUTPUTS 


0 
1 
X 
2.65 


1 
1 
32 
2.65 


Note 


X = don't care. 


6-bit analog-to-digital converter 
with multiplexer and clamp 


,-fl-, 
I 
\ 


,-- 
I 
\~ 


6-bit analog-to-digital 
converter 
with multiplexer 
and clamp 


_~n~_ 


PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


clamping 
time per line (signal active) 
2.2 
3.0 
3.3 
lls 


input signals clamped 
to correct level after 
- 
3 
10 
lines 


6-bit analog-to-digital 
converter 
with multiplexer and clamp 


reference 
level 
(1.3 V) 


6-bit analog-to-digital 
converter 
with multiplexer 
and clamp 


Application 
information 


Additional 
application 
information 
will be supplied 
on request 
(please quote reference 
number 
FTV/9112). 


20 


2 
19 


22 nF 


3 
18 


22 nF 
4 
17 


1------+ 
5 
16 


TDA8706 
1------+ 
6 
15 


1------+ 
7 
14 


~8 


clock 
signal 


C 
13~ 


C 


~9 
12 
Cr 


~10 
11 
C 


Notes 
to figure 
7 


1. 'C' capacitors 
must be determined 
on the output capacitance 
of the circuits driving A, Band 
C or ClK pins 


2. VRS and VRT are decoupling 
pins for the internal 
reference 
ladder. Do not draw current from these pins in order to 


achieve 
good linearity 


3. Analog and digital supplies 
should be separated 
and decoupled. 


An integrated 14-bit analogue to digital converter (ADC) which usesthe successiveapproximation 
conversion technique and includes the comparator, reference source and clock on the samechip. 
The high linearity makes it very suitable for signal processingwhile the accurate, temperature-compen- 
sated reference source makes it applicable for instrumentation 
purposes. 


The ADC accepts unipolar or bipolar input signals. 
Digital output data is in serial form. 
All digital outputs are fully TTL compatible. 


QUICK REFERENCE 
DATA 


Positive supply voltage (pin 5) 
Vp 
typo 
5 V 


Negative supplu voltage 1 (pin 6) 
-VN1 
typo 
5 V 


Negative supply voltage 2 (pin 9) 
-VN2 
typo 
17 V 


Signal-to-noise ratio 
SIN 
typo 
84 dB 


Linearity error 
typo 
±y. LSB 


Total power dissipation 
Ptot 
typo 
500 mW 


Operating ambient temperature range 
Tamb 
-20 
to 
+ 70 °C 


Storage temperature range 
Tstg 
-55 
to + 150 °C 
Resolution 
14 bits 


Full scale input current 
IFS 
typo 
4 mA 


PIN DESIGNATION 


1 
start conversion 


2 
status out 


3 
data out 


4 
data strobe 
5 
positive supply voltage 
6 
negative supply voltage 1 
7 
oscillator input 
8 
oscillator input 
9 
negative supply voltage 2 


10 
11 
12 
13 
14 


decoupling binary 
weighted current 
sources 


SUCCESSIVE 
APPROXIMATION 
REGISTER (SAR) 


15 
decoupling binary 


16 
weighted 
17 
current sources 
18 
Iref1 
19 
Iref2 
20 
Iref3 
21 
1 
decoupling binary 
22 
J 
weighted current sources 


23 
offset binary input 
24 
analogue signal input 
25 
analogueground 
26 
osciIlator 
27 
oscillator 
28 
digital ground 


FUNCTIONAL 
DESCRIPTION 


The circuit consists of the following parts: 


14-bit D/A converter 


Using "dynamic element matching", which results in high accuracy, linearity and longterm stability, 
without the need of trimming. The main parts of the DAC are the binary wieghted current sourcesand 
the bit switches. The DAC also delivers an offset binary current for bipolar operation of the ADC. 


Fast settling comparatorlsubstraetor 


Consisting of a high speed,clamped operational amplifier with special frequency compensation system. 


Successiveapproximation register (SAR) 


This register is an array of fourteen addressablelatches, with the outputs connected to the bit switches 
of the D/A converter. 


Logic-level converters 


Converting the internally usedcurrent-mode-Iogic (CML) levelsto TTL levels,for easy interface of the 
ADC with standard logic families. 


Clock oscillator and control logic 


Delivering the pulsesand timing for the SAR and takes care of the communication with the peripheral 
circuits. 


Reference source 


Basedon the bandgap voltage of silicon, with extra temperature compensation circuit. 


For the timing of the output signalsseeFig. 3. At the leading edgeof the start conversion (SC) pulse 
the ADC starts converting the input voltage. During the conversion cycle the following signalsappear 
at the output pins: 


Status (pin 2) 


This signal can be usedto force the Sample-Hold-Circuit, in front of the ADC, in hold mode. 


Data strobe (pin 4) 


This signal is usedto clock the data-out signal into the peripheral devices. 


Data out (pin 3) 


The 14 bits serial, binary, output code of the AID converter starting with the most significant bit 
(MSB). The data must be considered valid at the trailing edgeof the data-strobe signal. 


RATINGS 


Limiting 
values in accordance with the Absolute Maximum System (IEC 134) 


Positive supply (pin 5) 
Vp 


Negative supply voltage (pin 6) 
-VN1 


Negative supply voltage (pin 9) 
-VN2 


Storage temperature 
Tstg 


Operating ambient temperature 
range 
Tamb 


Total power dissipation 
Ptot 


o to 7 V 
o to 7 V 
o to 20 V 


+ 150 0C 


+ 70 °C 


-55 to 
-20 to 


CHARACTERISTICS 
(see application 
circuit 
Fig. 4) 


Vp = 5 V; -VN 
1 = 5 V; -VN2 
= 17 V; Tamb = + 25 0C, unless otherwise specified. 


parameter 
symbol 
min. 
typo 
max. 
unit 


Positive supply voltage (pin 5) 
Vp 
4 
5 
6 
V 


Negative supply voltage 1 (pin 6) 
-VN1 
- 
5 
- 
V 


Negative supply voltage 2 (pin 9) 
-VN2 
16,5 
17 
18 
V 


Positive supply current 
Ip 
- 
30 
40 
mA 


Negative supply current 
-IN1 
- 
37 


I 


45 
mA 


Negative supply current 
-IN2 
- 
10 
13 
mA 


Total power dissipation 
Ptot 
- 
500 
- 
mW 


Resolution 
- 
14 
- 
bits 


Analogue 
input 


Full scale input current 
offset-binary 
current switched off 
IFS 
3,8 
4,0 
4,2 
mA 


Temperature 
coefficient 
pin 23 short-circu ited 
TC 
- 
t.b.f. 
- 
1O-6/K 


Zero-offset 
offset-binary 
current switched off 


Offset voltage 
-Vo 
10 
20 
30 
mV 
Temperature 
coefficient 
TC 
- 
t.b.f. 
- 
pV /K 
Offset current 
'0 
- 
500 
- 
nA 
Temperature 
coefficient 
TC 
- 
t.b.f. 
- 
nA/K 


Linearity 


Linearity 
error 
- 
±Y. 
- 
LSB 
Linearity 
from -20 
to + 70 0C 
- 
±Y:, 
- 
LSB 
Offset binary current 
IBO 
O,45'IFS 
0,50'IFS 
O,55'IFS 
mA 


Temperature coefficient 
TC 
- 
t.b.f. 
- 
1O-6/K 


Signal to noise ratio* 
SIN 
80 
84 
- 
dB 


parameter 
symbol 
min. 
typo 
max. 
unit 


Start conversion (pin 1) 


Input current 


VIL 
«0,8 
V) 
-11 
- 
- 
1,6 
mA 


VIH (> 2,OV) 
11 
- 
- 
40 
JJ.A 


Data, strobe, status (pins 3, 4 and 2) 


Output current 
VOL «0,6 
V) 
13,4,2 
6,4 
16 
- 
mA 


VOH (> 2,4 V) 
-13,4,2 
160 
400 
- 
JJ.A 


Conversion time 
C26-27 = 220 pF ± 1% 
tc 
- 
8,5 
- 
JJ.s 


Signal width (pin 1) 
start conversion 
tsc 
0,2 
- 
tc 
JJ.s 


Delay time (pin 2) 


status out 
tSD 
- 
60 
- 
ns 


Set-up time (pin 3) 
data out 
tDS 
- 
25 
- 
ns 


Pulseduration (pin 4) 


data strobe high 
tDSH 
- 
125 
- 
ns 


* Signal-to-noise ratio within 
10Hz and 20 kHz bandwidth of a 1 k Hz full scale sinewave,generated 
at a sample rate of 44 kHz. 
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• 8-bit resolution 


• Sampling 
rate up to 30 MHz 


• 
Binary or two's complement 
3-state TIL 
outputs 


• TIL-compatible 
digital inputs and 


outputs 


• 
Intemal reference 
voltage 


regulator 


• 
Power dissipation 
of 365 mW 


(typical) 


• 
Input selector circuit (one out of 
three video inputs) 


• Clamp and Automatic Gain 


Control (AGC) functions for 
cves signal 


• No sample-and-hold 
circuit 
required 


• Video signal decoding 


• Scrambled 
TV (encoding and 


decoding) 


• 
Digital picture processing 


• Frame grabbing 


DESCRIPTION 


The TDA8708 
is an analog input 


interface for video signal processing. 
It indudes 
a video amplifier with 


clamp and gain control, an 8·bit 
analog-to-digital 
converter 
(ADC) 
with a sampling 
rate of 30 MHz and 


an input selector. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vce••. 
analog supply voltage 
4.5 
5.0 
5.5 
V 


VceD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


Vcco 
output supply voltage 
4.5 
5.0 
5.5 
V 


Ice••. 
analog supply current 
- 
37 
45 
mA 


IceD 
digital supply current 
- 
24 
30 
mA 


IceD 
output supply current 
- 
12 
16 
mA 


ILE 
DC integral linearity error 
- 
- 
±1 
LSB 


OLE 
DC differential 
linearity error 
- 
- 
±1/2 
LSB 


fClJ( 
maximum 
clock frequency 
30 
- 
- 
MHz 


B 
maximum 
-3 dB bandwidth 
12 
18 
- 
MHz 
(AGC amplifier) 


POll 
total power dissipation 
- 
365 
500 
mW 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA8708 
28 
OIL 
plastic 
SOT117 


TDA8708 
28 
S028 
plastic 
SOT136A 


Inalog 


voltlge 
ADC 


output 
input 


viOeo 
input 
0 


vidlO 
input 
1 


vtdeO 
input 
2 


clamp 
CIIp.citor 


connection 


AGC capacitor 


connection 


output 
forml" 


chip 
enlble 


(3-ltlte 
input) 


07 


D6 


0 
05 


U 
T 
C. 


P 
'0 


U 
03 
" 
T 
02 
5 
'2 
0' 
'3 
DO 


AGC 
& 


CLAMP 
LOGIC 


~.ck- 
Ilvel 
Iync 


pulse 


SYMBOL 
PIN 
DESCRIPTION 


07 
1 
data output, bit 7 (MSB) 


06 
2 
data output, bit 6 


05 
3 
data output, bit 5 


04 
4 
data output, bit 4 


ClK 
5 
clock input 


VCCD 
6 
digital positive supply voltage (5 V) 


VCCD 
7 
TIL 
outpu1s positive supply voltage (5 V) 


OGNO 
8 
digital ground 


OF 
9 
output formaVchip 
enable (3-state inpu1) 


03 
10 
data output, bit 3 


02 
11 
data outPut, bit 2 


01 
12 
data output, bit 1 


00 
13 
data output, bit 0 (LSB) 


10 
14 
video input selection bit 0 


11 
15 
video input selection bit 1 


VINO 
16 
video input 0 


VIN1 
17 
video input 1 


VIN2 
18 
video input 2 


ANOUT 
19 
analog voltage outpu1 


ADCIN 
20 
analog-ta-digital 
converter inpu1 


DEC 
21 
decoupling 
inpu1 


VCCA 
22 
analog positive supply voltage (+5 V) 


AGNO 
23 
analog ground 


CLAMP 
24 
clamp capacitor connection 


AGC 
25 
AGC capacitor connection 


GATE B 
26 
black level synchronization 
pulse 


GATE A 
27 
sync level synchronization 
pulse 


RPEAK 
28 
peak level current resistor inpu1 


The TDA8708 
provides a simple 
interface for decoding 
video signals. 


The TDA8708 
operates 
in 
configuration 
mode 1 (see Fig.4) 
when the video signals are weak 
(Le. when the gain of the AGC 
amplifier has not yet reached its 
optimum value). This enables a fast 
recovery of the synchronization 
pulses in the decoder circuit. When 
the pulses at the GATE A and GATE 
B inputs become distinct (GATE A 
and GATE B pulses are 
synchronization 
pulses occurring 
during the sync period and rear 
porch respectively) 
the TDA8708 
au10matically switches to 
configuration 
mode 2. 


When the TDA8708 
is in 


configuration 
mode 1, the gain of the 
AGC amplifier will be roughly 
adjusted 
(sync level to a digital 


outpu1level 
of 0 and the peak level 
to a digital output level of 255). 


In configuration 
mode 2 the digital 
outpu1 of the ADC is compared to 
intemal digital reference levels. The 
resultant outputs control the charge 
or discharge 
current of a capacitor 
connected 
to the AGC pin. The 
voltage across this capacitor 
controls the gain of the video 
amplifier. This is the gain control 
loop. 


The sync level comparator 
is active 
during a positive-going 
pulse at the 
GATE A input. This means that the 
sync pulse of the composite 
video 
signal is used as an amplitude 
reference. The bottom of the sync 
pulse is adjusted to obtain a digital 
outpu1 of logic 0 at the converter 
outpu1. As the black level is at digital 


LIMITING 
VALUES 
In accordance 
with the Absolu1e Maximum 
System (IEC 134) 


level 64, the sync pulse will have a 
digital amplitude 
of 64 LSBs. 


The peak-white 
conlrolloop 
is 


always active. If the video signal 
tends to exceed the digital code of 
240, the gain will be limited to avoid 
any over-range 
of the converter. 


The use of nominal signals will 
prevent the output from exceeding 
a 
digital code of 213 and the 
peak-white 
control loop will be 


non-active. 


The clamp level control is 
accomplished 
by using the same 
techniques 
as used for the gain 


control. The black-level 
digital 


comparator 
is active during a 
positive-going 
pulse at the GATE B 
input. The clamp capacitor will be 
charged or discharged 
to adjust the 
digital outpu1 to code 64. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VCCA 
analog supply voltage range 
-0.3 
+7.0 
V 


VCCD 
digital supply voltage range 
-0.3 
+7.0 
V 


Vcco 
outpu1 supply voltage range 
-0.3 
+7.0 
V 


VCCA- VCCD 
supply voltage difference 
-1.0 
+1.0 
V 


Vcco - VCCD 
supply voltage difference 
-1.0 
+1.0 
V 


VCCA- Vcco 
supply voltage difference 
-1.0 
+1.0 
V 


V, 
input voltage range 
-0.3 
VCCA 
V 


10 
outpu1 current 
0 
+10 
mA 


TslO 
storage temperature 
range 
-55 
+150 
°C 


T'mb 
operating 
ambient temperature 
range 
0 
+70 
°C 


Tj 
junction temperature 
125 
- 
°C 


SYMBOL 
PARAMETER 
TYP. 
MAX. 
UNIT 


F\n j •• 
from junction to ambient in free air (SOT117) 
55 
- 
KNoI 


Am .• 
from junction to ambient in free air (SOT136A) 
70 
. 
KNoI 


CHARACTERlsncs 
VCCA = V:/2-V23 = 4.5 to 5.5 V; VCCD = Va -Va = 4.5 to 5.5 V; VCCO = V, -Va = 4.5 to 5.5 V; AGND and DGND shorted 
together; 
VCCA -Vcco 
= -0.5 to +0.5 V; Vceo -VCCD = -0.5 to +0.5 V; VCCA -Vcco 
= -0.5 to +0.5 V; T""*, = 0 to +70 °C; 


Typical readings taken at VCCA = VCCD = Vcco 
= 5 V; To"" = 25 °C; unless otherwise 
specified 


SYMBOL 
PARAMETER 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supplies 


VCCA 
analog supply voltage 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


Vceo 
output supply voltage 
4.5 
5.0 
5.5 
V 
ICCA 
analog supply current 
- 
37 
45 
mA 
lceo 
digital supply current 
- 
24 
30 
mA 


lceo 
output supply current 
- 
12 
16 
mA 


Video amplifier 
inputs 


VIN(0-2) INPUTS 


VI(M) 
input voltage (peak-to-peak 
0.45 
1.0 
1.6 
V 
value) 


IZ;I 
input impedance 
f= 6 MHz 
10 
20 
- 
kn 


C, 
input capacitance 
f = 6 MHz 
- 
1 
- 
pF 


10AND11TIL 
INPUTS(SEETABLE1) 


VI.. 
input voltage LOW 
0 
- 
0.8 
V 


V••. 
input voltage HIGH 
2.0 
- 
Vcco 
V 


I'l 
input current LOW 
V, = 0.4 V 
-400 
- 
- 
IiA 


I'M 
input current HIGH 
V, =2.7 
V 
- 
- 
20 
IiA 


GATE A ANDGATE B TIL 
INPUTS(SEEF,GS4 AND5) 


VI.. 
input voltage LOW 
0 
- 
0.8 
V 


V••. 
input voltage HIGH 
2.0 
- 
VceD 
V 


I'L 
input current LOW 
V,= 0.4 V 
-400 
- 
- 
IiA 


11M 
input current HIGH 
V,=2.7V 
- 
- 
20 
ItA 


RPEAK INPUT(PIN28) 


128 
I minimum peak level current 
R28 = 0 n 
- 
80 
150 
IliA 


AGC INPUT(PIN25) 


V25 
AGC voltage for minimum gain 
- 
2.8 
- 
V 


V25 
AGC voltage for maximum 
gain 
- 
4.0 
- 
V 


AGC output current 
see Table 2 
- 
- 
- 


CLAMP INPUT(PIN24) 


V24 
CLAMP voltage for code 128 
- 
3.5 
- 
V 
output 


12• 
CLAMP output current 
see Table 3 
- 
- 
- 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Video amplifier 
outputs 


ANOUT OUTPUT(PIN19) 


V,tlN) 
output AC voltage 
VVIN= 1 V(r>f'); 
- 
VCCA 
- 
V 
(peak-to-peak 
value) 
V25=3.6V 
-2.95 


I,t 
internal current source 
RL = 00 
2.0 
2.5 
- 
mA 


10(r>f') 
output current driven by the 
VANOOT 
= 1 V(HI; note 1 
- 
- 
1.0 
mA 


load 


V,t 
output DC voltage for black 
note 2 
- 
VCCA 
- 
V 
level 
-2.95 


Z'9 
output impedance 
- 
20 
- 
n 


Video amplifier 
dynamic 
characteristics 
a 
crosstalk 
between VIN inputs 
- 
-60 
-55 
dB 


Gd 
differential 
gain 
VVIN= 1 V(I>P);V25 = 3.6 V 
- 
2 
- 
% 


4'd 
differential 
phase 
- 
2 
- 
deg 


B 
-3 dB bandwidth 
12 
- 
- 
MHz 


SIN 
signal-te-noise 
ratio 
note 3 
60 
- 
- 
dB 


SVRR 
supply voltage ripple rejection 
note 4 
- 
45 
- 
dB 


aG 
gain range 
-4.5 
- 
6.0 
dB 


Analog-to-cligital 
converter 
inputs 


ClK 
INPUT(PIN5) 


VI.. 
input voltage lOW 
0 
- 
0.8 
V 


VII< 
input Voltage HIGH 
2.0 
- 
VCCD 
V 


I'L 
input current lOW 
VCLK= 0.4 V 
-400 
- 
- 
llA 


I'H 
input current HIGH 
VCLK= 2.7 V 
- 
- 
100 
llA 
IZ,I 
input impedance 
fCLK= 10 MHz 
- 
4 
- 
ill 


C, 
input capacitance 
fCLK= 10 MHz 
- 
4.5 
- 
pF 


OF input 
(3-state) 
(see Table 4) 


V" 
input voltage lOW 
0 
- 
0.2 
V 


VII< 
input voltage HIGH 
2.6 
- 
VCCD 
V 


V9 
input voltage in HIGH-Z state 
- 
1.15 
- 
V 
- 
I'L 
input current lOW 
-370 
-300 
- 
llA 


I'H 
input current HIGH 
- 
360 
450 
llA 


ADCIN INPUT(PIN20) (SEETABLE5) 


V20 
input voltage 
digital out = 00 
- 
VcCA-1.6 
- 
V 


V20 
input Voltage 
digital out = 255 
- 
VCCA-1.1 
- 
V 


V2O!P1» 
input voltage amplitude 
- 
0.5 
- 
V 
(peak-to-peak 
value) 


120 
input current 
- 
1.0 
10 
llA 
IZ;I 
input impedance 
f= 6 MHz 
- 
50 
- 
Mn 


SYMBOL 
PARAMETER 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 


ADCIN INPUT(PIN20) (SEETABLE5) 


C1 
input capacitance 
f = 6 MHz 
- 
1 
I- 
IpF 


Analog-to-dlgital 
converter 
outputa 


DIGITAlOUTPUTS0(0-7) 


Vl 
output voltage lOW 
10=2mA 
0 
- 
0.6 
V 


VOH 
output voltage HIGH 
10=~·4mA 
2.4 
- 
VCGO 
V 


loz 
output current in 3-state mode 
0.4 V < Vo < Vrx,o 
-20 
- 
+20 
IlA 


Switching 
characteristics 


feLK 
ClK 
input maximum frequency 
see Fig.6; note 5 
30 
- 
- 
MHz 


Analog 
signal 
processing 
(fcUl = 30 MHz) 


Gd 
differential 
gain 
VViN= 1 V (POP); note 6; 
- 
2 
- 
% 
Fig.3 


~d 
differential 
phase 
note 6; Fig.3 
- 
2 
- 
deg 


f, 
fundamental 
harmonics 
f, = 4.43 MHz; 
- 
- 
0 
dB 
(full-scale) 
note 6 


f.1I 
harmonics 
(full·scale), 
all 
f; = 4.43MHz; 
- 
-55 
- 
dB 
components 
note 6 


SVRR 
supply voltage ripple rejection 
note 7 
- 
1 
5 
%/V 


Transfer 
function 


IlE 
DC integral linearity error 
- 
- 
±1 
lSB 


OLE 
DC differential 
linearity error 
- 
- 
±O.5 
LSB 


IlE 
AC integral linearity error 
note 8 
- 
- 
±2 
LSB 


Timing 
(fclK = 30 MHz) (see Fig.6) 


DIGITAlOUTPUTS(Cl = 15 pF; 10l = 2 MA) 


t.ts 
sampling delay 
- 
2 
- 
ns 


~o 
output hold time 
6 
8 
- 
ns 
~ 
output delay time 
- 
16 
20 
ns 
t.tez 
3-state delay time· 
output 
see Fig.7 
- 
19 
25 
ns 
enable 


~z 
3-state delay time - output 
see Fig.7 
- 
14 
20 
ns 
disable 


Notes to the characteristics 


1. The output current at pin 19 should not exceed 1 mA. The load impedance 
Rl should be referred to Vcc and 
defined as: 


AC impedance 
~ 1 kQ and the DC impedance> 
2.7 kil. 


The load impedance 
should be coupled directly to the output of the amplifier so that the DC voltage supplied by 
the clamp is not disturbed. 


2. Control mode 2 is selected. 


Notes to the characteristics 


3. Signal-to-noise 
ratio measured with 5 MHz bandwidth 


SN = 20 log 
VANNOUT (P-P) 
VANHOtIT nOise 
RMS (B = 5 MHz) 


4. The voltage ratio is expressed 
as: 


~VCCA 
SVRR= 
20 log ~G/G 


for VI = 1 V (peak-ta-peak), 
100 kHz gain = 1 and 1 V supply variation. 


5. It is recommended 
that the rise and fall times of the dock are not less than 2 ns. In addition, a 'good Iay-out' for the 
digital and analog grounds is recommended. 


6. These measurements 
are realized on analog signals after a digital-ta-analog 
conversion 
(TDA8702 is used). 


7. The supply voltage rejection is the relative variation of the analog signal (full-scale signal at input)" for 1 V of supply 
variation: 


SVRR= 
~[VI"'OOl-VI\\~+[VI"'OOI-VI\\FF)l 


~ 
CCA 


8. Full-scale sinewave 
(fi = 4.4 MHz; fClK, rc;; = 27 MHz). 


Table 1 Video input selection 
(CVBS) 


11 
10 
SELECTED 
INPUT 


0 
0 
VINO 


0 
1 
VIN1 


1 
0 
VIN2 


1 
1 
VIN2 


GATE A 
GATEB 
DIGITAL OUTPUT 
IAGe 
MODE 


1 
1 
output < 255 
-2.5 j.lA 
1 
output> 
255 
IpEAK 


0 
X 
output < 240 
0 
2 
output> 
240 
IPEAK 


1 
0 
output < 0 
+2.511A 
0< output < 240 
-2.5 j.lA 
2 
output> 
240 
IPEAK 


Note 


Where; X = don't care 


GATE A 
GATE B 
DIGITAL OUTPUT 
ICLAMP 
MODE 


1 
1 
output < 0 
IpEAK 
1 
output> 
0 
-2.511A 


X 
0 
X 
0 
2 


0 
1 
output < 64 
+50 j.lA 
2 
64 < output 
-5011A 


OF 
DO TO 07 


0 
active, two's 
complement 


1 
high impedance 


open (see note) 
active. binary 


Note 


Where; X = don't care 


Note 


Use C ~ 10 pF to DGND 


BINARY OUTPUTS 
TWO'S COMPLEMENT 
STEP 
VADC1N 
07 
06 
05 
04 
03 
02 
01 
DO 
07 
D6 
05 
04 
03 
02 
01 
DO 


underflow 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Vco..· 1.6 V 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 


254 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 


255 
VCCA 
- 1.1 V 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


overflow 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


digital 
output 
level 


~ 
sync· 
level 
gain 
control 
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I------ 


digital 
output 


level 


- - -- ---- 
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_______________________________ 
margIn 
i 


standard 
picture 
level 
----~ 


Iync-Ievet 
gain 
control 
L-.J 


Clock 
input 
reference 
level 


(1.5 
VI 


analog 
input 
(AOCIN) 


data 
outputs 
(00 to 07) 
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1 )!F 
10 nF 
.5 V 


.5 V 


1.Fy 


'0nF 


!33PF 


10pFI 


28 


27 


26 


25 


2' 


23 


22 


TO.4.8708 


21 


20 


10 
19 


11 
18 


12 
17 


13 
16 


,. 
15 


1)!F! 
!10nF 


.5 
V 


VCCA 
,.H 


r-VCCA 
'.F 
1 kO 


Product specification 


• 8-bit resolution 
• Sampling rate up to 30 MHz 
• TTl-compatible 
digital inputs and 


outputs 


• 
Internal reference voltage regulator 


• 
low level AC clock inputs and 
outputs 
• Clamp function with selection for 


"16" or "128" 


• 
No sample-and-hold 
circuit 
required 


• three selectable video inputs 


• Video signal processing 
• 
Digital picture processing 
• 
Frame grabbing 
• Colour difference 
signals (U. V) 


• 
Y. R, G, B signals 
• Chrominance 
signal (C) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog supply 
4.5 
- 
5.5 
V 


voltage 


VCCD 
digital supply 
4.5 
- 
5.5 
V 


voltage 


Vcco 
output supply 
4.5 
- 
5.5 
V 
voltage 


ICCA 
analog supply 
- 
- 
45 
mA 
current 


ICCD 
digital supply 
- 
- 
30 
mA 
current 


Icco 
output supply 
- 
- 
15 
mA 
current 


ILE 
DC integral linearity 
- 
- 
±1 
LSB 
error 


OLE 
DC differential 
- 
- 
±1/2 
LSB 
linearity error 


fCLK 
maximum clock 
30 
- 
- 
MHz 
frequency 


B 
-3 dB bandwidth 
12 
18 
- 
MHz 
(preamplifier) 


Ptot 
total power 
- 
365 
495 
mW 


dissipation 


GENERAL DESCRIPTION 


The TDA8709 is a bipolar analog 
ORDERING 
AND PACKAGE INFORMATION 


input interface for video signal 
processing. 
It includes an input 
selector (1 out of three video signals), 
video amplifier with clamp and 
external gain control, and an 8-bit 
analog-to-digital 
converter 
(ADC) 
with a sampling rate of 30 MHz. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA8709 
28 
OIL 
plastic 
SOT117 


TDA8709 
28 
S028 
plastic 
SOT136A 


video 
input 
0 


video 
input 
1 


video 
input 2 


clamp 
capacitor 


connection 


gain 
control 
input 


analog 
voltage 
ADC 


output 
input 


Clamp 
level 
selection 


fast 
output 
chip 
enable 


07 


06 


0 
05 


U 
04 


T 
10 
P 
03 


U 
11 


T 
02 
S 
12 
01 


13 
00 


SYMBOL 
PIN 
DESCRIPTION 


07 
1 
data output, bit 7 (MSB) 
06 
2 
data output, bit 6 
05 
3 
data output, bit 5 
04 
4 
data output, bit 4 
ClK 
5 
clock input 
VCCD 
6 
digital positive supply voltage (+ 5 V) 


Vcca 
7 
TIl outputs positive supply voltage (+ 5 V) 


OGNO 
8 
digital ground 
FOEN 
9 
fast output chip enable 
03 
10 
data output, bit 3 
02 
11 
data output, bit 2 
01 
12 
data output, bit 1 
00 
13 
data output, bit 0 (lSB) 


10 
14 
video input selection bit 0 
11 
15 
video input selection bit 1 
VINO 
16 
video input 0 
VIN1 
17 
video input 1 
VIN2 
18 
video input 2 
ANOUT 
19 
analog voltage output 
AOCIN 
20 
analog-to-digital 
converter input 


OEC 
21 
decoupling input 


VCCA 
22 
analog positive supply voltage (+ 5 V) 


AGNO 
23 
analog ground 
CLAMP 
24 
clamp capacitor connection 
GAIN 
25 
gain control input 
ClP 
26 
clamp pulse 
ClS 
27 
clamp level selection 
OFS 
28 
output format selection 


The TDA8709 is an 8-bit ADC with 
internal clamping 
and a preamplifier 
with adjustable 
gain. 


The clamping 
value is switched 
via 


pin 27 between digital 16 (for 
luminance 
or R, G, B signals) and 
digital 
128 (for chrominance 
or 
colour difference 
signals). While 
clamping 
pulse at pin 27 is logic 1, 


the device will adjust the clamp level 
to the chosen value. The output 
format can be selected 
between 
binary and two's complement 
at pin 


28. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VCCA 
analog supply voltage range 
-0.3 
+ 7 
V 


VCCD 
digital supply voltage range 
-0.3 
+7 
V 


Vcco 
output 
supply voltage range 
-0.3 
+ 7 
V 


VCCA - VCCD 
supply voltage difference 
-0.5 
+0.5 
V 


Vcco - VCCD 
supply voltage difference 
-0.5 
+0.5 
V 


VCCA- Vcco 
supply voltage difference 
-1 
+ 1 
V 


VI 
input voltage range 
-0.3 
+7 
V 


10 
output 
current 
- 
+10 
mA 


Tstn 
storage temperature 
range 
-55 
+ 150 
°c 


Tamb 
operating 
ambient temperature 
range 
0 
+ 70 
°C 


Ti 
junction 
temperature 
125 
- 
°C 


SYMBOL 
PARAMETER 
TYP. 
MAX. 
UNIT 


Rth i-a 
from junction 
to ambient 
in free air (80T117) 
55 
- 
KIW 


Rth "-a 
from junction 
to ambient 
in free air (80T136) 
70 
- 
KIW 


CHARACTERISTICS 


VCCA= V22 - V23 = 4.5 to 5.5 V; VCCD= V6 - Ve = 4.5 to 5.5 V; Vcco = V7 - Ve = 4.5 to 5.5 V; AGND and DGND shorted 


together; VCCA- VCCD= -0.5 to + 0.5 V; Vcco - VCCD= -0.5 to + 0.5 V; VCCA- Vcco = -0.5 to + 0.5 V,Tamb = 0 to 
+ 70°C; 
Typical readings taken at VCCA= VCCD= Vcco = 5 V; Tamb = 25°C; unless otherwise 
specified 


SYMBOL 
PARAMETER 
I 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supplies 


VCCA 
analog supply voltage 
4.5 
5 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5 
5.5 
V 


Vcco 
output supply voltage 
4.5 
5 
5.5 
V 


ICCA 
analog supply current 
- 
37 
45 
mA 


ICCD 
digital supply current 
- 
24 
30 
mA 


Icco 
output supply current 
- 
12 
16 
mA 


Preamplifier 
inputs 
VIN(0-2) inputs 


VUe-e) 
input voltage (peak-to-peak 
value) 
note 1 
. 
1 
1.6 
V 
Iz; I 
input impedance 
f = 6 MHz 
10 
20 
- 
kn 


C1 
input capacitance 
f = 6 MHz 
- 
1 
- 
pF 


10and 11TIL inputs (see Table 1) 


VIL 
input voltage LOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2 
- 
VCCD 
V 


IlL 
input current LOW 
VI = 0.4 V 
-400 
- 
- 
J.!A 


IIH 
input current HIGH 
VI =2.7V 
- 
- 
20 
J.!A 


CLS, OFS, CLP, TIL inputs (see Fig 3) 


VIL 
input voltage LOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2 
- 
VCCD 
V 


IlL 
input current LOW 
VI = 0.4 V 
-400 
- 
- 
J.!A 


IIH 
input current HIGH 
VI =2.7V 
- 
- 
20 
J.!A 


GAIN input (pin 25) 


V25 
voltage for minimum gain 
- 
· 
- 
V 


V25 
voltage for maximum gain 
- 
· 
- 
V 


II 
input current 
- 
· 
- 
J.!A 


stability gain/temperature 
- 
· 
- 
% 


CLAMP input (pin 24) 


V24 
CLAMP voltage for ADC output = 
- 
3.5 
- 
V 
128 V 


124 
CLAMP output current 
see Table 2 
- 
- 
- 


Video amplifier 
outputs 
ANOUT output (pin 19) 


119 
internal current source 
2 
2.5 
- 
mA 


V19 
output DC voltage for black level 
CLS = logic 1 
- 
· 
- 
V 


V19 
output DC voltage for black level 
CLS = logic 0 
- 
· 
- 
V 


V19(P-P) 
output AC voltage (peak-to-peak 
VV1N = 1 V(p-p); 
- 
1 
- 
V 
value) 
V25 = 3.6 V 
219 
output impedance 
. 
20 
- 
n 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
I 
TYP. 
I 
MAX. 
UNIT 
Preamplifier 
dynamic characteristics 


crosstalk between VIN inputs 
- 
-60 
-55 
dB 


Gd 
differential 
gain 
- 
2 
- 
% 


<Pd 
differential.phase 
- 
2 
- 
deg 


B 
-3 dB bandwidth 
12 
- 
- 
MHz 


SIN 
signal-to-noise 
ratio 
note 2 
60 
- 
- 
dB 


SVRR 
supply voltage ripple rejection 
note 3 
- 
45 
- 
dB 


t.G 
gain range 
-4.5 
- 
10 
dB 


Analog-to-digital 
converter inputs 
ClK input (pin 5) 


VIL 
input voltage lOW 
0 
- 
0.8 
V 
V1H 
input voltage HIGH 
2 
- 
VCCD 
V 


IlL 
input current lOW 
VCLK= 0.4 V 
-400 
- 
- 
!1A 


IIH 
input current HIGH 
VCLK= 2.7 V 
- 
- 
100 
JlA 


Izj I 
input impedance 
fCLK= 10 MHz 
- 
4 
- 
kn 


C1 
input capacitance 
fCLK= 10 MHz 
- 
4.5 
- 
pF 


FOEN input (see Table 3) 


VIL 
input voltage lOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2.0 
- 
VCCD 
V 


IlL 
input current lOW 
Vg = 0.4 V 
. 
- 
- 
!1A 


IIH 
input current HIGH 
Vg=2.7V 
- 
- 
. 
JlA 
ADCIN input (pin 20) (see Table 4) 


V20 
input voltage 
digital out = 00 
- 
VccA-1.6 
- 
V 


V20 
input voltage 
digital out = 255 
- 
VccA-1.1 
- 
V 


V20(p-p) 
input voltage amplitude (peak-to- 
- 
0.5 
- 
V 
peak value) 


120 
input current 
- 
1 
10 
JlA 


Izjl 
input impedance 
f = 6 MHz 
- 
50 
- 
Mn 
CI 
input capacitance 
f = 6 MHz 
- 
1 
- 
pF 


Analog-to-digital 
converter outputs 
Digital outputs 
0(0-7) 


VOL 
output voltage lOW 
10=2mA 
0 
- 
0.6 
V 
VOH 
output voltage HIGH 
10=-0.4 
mA 
2.4 
- 
VCCD 
V 


loz 
output current in 3-state mode 
0.4 V < Vo < VCCD 
-20 
- 
+20 
!1A 


Switching characteristics 


fCLK 
ClK 
input maximum frequency 
I see Fig.4 
I 
- 
30 
MHz 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
I MAX. 
UNIT 


Analog signal processing (fClK = 30 MHz) 


B 
-3 dB bandwidth 
- 
12 
- 
MHz 


Gd 
differential 
gain 
note 4; Fig.3 
- 
2 
- 
% 


<Pd 
differential 
phase 
note 4; Fig.3 
- 
2 
- 
deg 


f, 
fundamental 
harmonics (full-scale) 
f; = 4.43 MHz; note 4 
- 
- 
0 
dB 


fall 
harmonics (full-scale), all 
f; = 4.43 MHz; note 4 
- 
-55 
- 
dB 
components 


SVRR 
supply voltage ripple rejection 
note 5 
- 
1 
5 
%N 


Transfer function (fClK = 30 MHz) 


ILE 
DC integral linearity error 
- 
- 
±1 
LSB 


OLE 
DC differential 
linearity error 
- 
- 
±D.5 
LSB 


ILE 
AC integral linearity error 
note 6 
- 
- 
±2 
LSB 


Timing (fClK = 30 MHz) 
Digital outputs (Cl = 15 pF; IOl = 2 mAl 
tcts 
sampling delay 
- 
2 
- 
ns 


tHD 
output hold time 
- 
8 
- 
ns 


td 
output delay time 
- 
16 
20 
ns 


tdEZ 
3-state delay time - output enable 
see Fig.5 
- 
. 
. 
ns 


tdDZ 
3-state delay time - output disable 
see Fig.5 
- 
. 
. 
ns 


SN = 20 log 
VANOU-r(P-p) 
VANOUTnoise RMS (B = 5 MHz) 


2. The voltage ratio is expressed 
as: 
SVRR = 20 log 
tNCCA 
6G/G 


for VI = 1 V (peak-to-peak), 
100 kHz gain = 1 and 1 V supply variation. 


3. It is recommended 
that the rise and fall times of the clock are not less than 2 ns. In addition, 
a 'good lay-out' for the 
digital and analog grounds is recommended. 


5. The supply voltage rejection is the relative variation of the analog signal (full-scale signal at input) for 1 V of supply 
variation: 


SVRR = 
6V1N(OO) 
- V,N(FFY\'IN(OO) 
- V'N(FF) 
6VCCA 


6. Full-scale sinewave (f; = 4.4 MHz; fClK/fCLK = 27 MHz. 
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10 
SELECTED 
INPUT 
a 
a 
VINO 


1 
a 
VIN2 


a 
1 
VIN1 


1 
1 
VIN1 


CLS 
CLP 
DIGITAL OUTPUT 
'CLAMP 


1 
1 
output < 128 
+ 50 !!A 


output> 
128 
-50 !!A 


X 
0 
X 
a 


a 
1 
output < 16 
+ 50 !!A 


16 < output 
-50 !!A 


FOEN 
DOTOD7 


a 
active 


1 
high impedance 


OFS=O 
OFS= 1 


BINARY OUTPUTS 
TWO'S COMPLEMENT 


STEP 
VADCIN 
07 
06 
05 
04 
03 
02 
01 
DO 
07 
06 
05 
04 
03 
02 
01 
DO 


underflow 
a 
a 
a 
a 
a 
a 
a 
a 
1 
a 
a 
a 
a 
a 
a 
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a 
VccA-1.6V 
a 
a 
a 
a 
a 
a 
a 
a 
1 
a 
a 
a 
a 
a 
a 
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1 
a 
a 
a 
a 
a 
a 
a 
1 
1 
a 
a 
a 
a 
a 
a 
1 


254 
1 
1 
1 
1 
1 
1 
1 
a 
a 
1 
1 
1 
1 
1 
1 
a 


255 
VCCA-1.1 V 
1 
1 
1 
1 
1 
1 
1 
1 
a 
1 
1 
1 
1 
1 
1 
1 


overflow 
1 
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1 
1 
1 
1 
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1 
1 
1 
1 
1 
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Additional 
information 
can be found 


in the laboratory report FTV/8902. 
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Preliminary 
specification 


• 8-bit resolution 
• Sampling rate up to 50 MHz 
• 
High signal-to-noise 
ratio over a 
large analog input frequency range 
(7.5 effective bits at 4.43 MHz full- 


scale input at a 40 MHz clock 


frequency 
• 
Binary or two's complement 
3- 


state TTL outputs 
• Overflow/underflow 
3-state TTL 


output 
• TTL compatible 
digital inputs 
• 
Low-level AC clock input signal 
allowed 
• 
External reference voltage 
generator 
• 
Power dissipation 
only 290 mW 


(typical) 


• 
Low analog input capacitance, 
no 
buffer amplifier required 


• 
No sample and hold circuit 
required 


• 
High-speed 
analog-to-digital 


conversion for: 
- video data digitizing 
- radar pulse analysis 
- transient signal analysis 
- high energy physics research 
-L'i modulators 


- medical imaging 


The TOA8713 is a monolithic 
bipolar 


8-bit high-speed 
analog-to-digital 


converter (AOC) for professional 
video and other applications. 
It 


converts the analog input signal into 
8-bit binary-coded 
digital words at a 


maximum sampling rate of 50 MHz. 
All digital inputs and outputs are TTL 
compatible, 
although a low-level sine 


wave clock input signal is allowed. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TOA8713 
24 
OIL 
plastic 
SOT101 


TOA8713T 
24 
S024 
plastic 
SOT137A 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog supply voltage 
4.75 
5.0 
5.25 
V 


VCCD 
digital supply voltage 
4.75 
5.0 
5.25 
V 


Vcco 
output stages supply voltage 
4.75 
5.0 
5.25 
V 


ICCA 
analog supply current 
- 
18 
26 
mA 


ICCD 
digital supply current 
- 
19 
25 
mA 


Icco 
output stages supply current 
- 
11 
14 
V 


IlE 
DC integral linearity error 
- 
- 
±0.75 
lSB 


DlE 
DC differential 
linearity error 
- 
- 
± 1/2 
lSB 


AilE 
AC integral linearity error 
note 1 
- 
- 
±2 
lSB 


B 
-3 dB bandwidth 
note 2; 
- 
19.5 
- 
MHz 
fCLK= 40 MHz 


fCLK/fcLK 
maximum clock frequency 
note 3 
50 
- 
- 
MHz 


Ptot 
total power dissipation 
- 
290 
415 
mW 


Notes to the Quick Reference 
Data 


1. Full-scale sinewave (fi = 4.4 MHz; fCLK/fcLK = 27 MHz) . 


• TTl 
(mode 1);CIR decoupled 
to DGND by a capacitor. ClK input is TTl 
threshold voltage of 1.5 V and sampling 


on the lOW-to-HIGH 
transition of the input clock signal. 


• TTl 
(mode 2); ClK decoupled 
to DGND by a capacitor. ClK input is TTl 
threshold voltage of 1.5 V and sampling 


on the HIGH-to-lOW 
transition of the input clock signal. 


• AC drive modes (modes 3 and 4); When driving the ClK 
input directly and with any AC signal of 0.5 V (peak- to- 


peak value) imposed on a DC level of 1.5 V, sampling takes place on the lOW-to-HIGH 
transition of the clock 


signal. When driving the ClK 
input with such a signal, sampling takes place on the HIGH-to-lOW 
transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple this input to DGND with a 100 nF 
capacitor. 


VCCA 


7 


VCCD 


18 


TC 
CE 


21 
22 


~ 
100nF 


~ 
100nF 


SYMBOL 
PIN 
DESCRIPTION 


01 
1 
data output, bit 1 


00 
2 
data output, bit 0 (lSB) 


AGNO 
3 
analog ground 


VRS 
4 
reference voltage bottom (decoupling) 


n.c. 
5 
not connected 


n.c. 
6 
not connected 


VCCA 
7 
positive supply voltage for analog circuits (+5 V) 


VI 
8 
analog voltage input 
VRT 
9 
reference voltage top (decoupling) 


n.c. 
10 
not connected 


O/UF 
11 
overflow/underflow 
data output 


07 
12 
data output, bit 7 (MSB) 


06 
13 
data output, bit 6 


05 
14 
data output, bit 5 


04 
15 
data output, bit 4 


ClK 
16 
clock input 
CD< 
17 
complementary 
clock input 
VCCD 
18 
positive supply voltage for digital circuits (+5 V) 


Vcca 
19 
positive supply voltage for output stages (+5 V) 


OGNO 
20 
digital ground 


TC 
21 
input for two's complement 
output (TTL level input, 


active lOW) 


CE 
22 
chip enable input (TTl level input, active lOW) 


03 
23 
data output, bit 3 


02 
24 
data output, bit 2 


LIMITING 
VALUES 


Limiting values in accordance 
with the Absolute Maximum System (IEC 134) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VCCA 
analog supply voltage range 
see note 1 
-0.3 
7.0 
V 


VCCD 
digital supply voltage range 
see note 1 
-0.3 
7.0 
V 


Vcco 
output stages supply voltage 
see note 1 
-0.3 
7.0 
V 


VCCA-VCCD 
supply voltage differences 
-1.0 
1.0 
V 


VCCO-VCCD 
supply voltage differences 
-1.0 
1.0 
V 


VCCA-VCCO 
supply voltage differences 
-1.0 
1.0 
V 


VVI 
input voltage range 
referenced to 
1.2 
7.0 
V 


AGND 


VCLK/ 
AC input voltage for switching (peak-to-peak 
see note 2; 
- 
2.0 
V 
VCLK 
value) 
referenced to 
DGND 


10 
output current 
- 
+10 
mA 


TSla 
storage temperature 
range 
-55 
+150 
°C 


Tamb 
operating ambient temperature 
range 
0 
+70 
°C 


Ti 
junction temperature 
- 
+125 
°C 


Notes to the Ratings 


1. The supply voltages VCCA and VCCD may have any value between -0.3 V and +7.0 V as long as the difference 


VCCA - VCCD lies between -1 V and + 1 V. 


• TTL (mode 1): CD< decoupled 
to DGND by a capacitor. CLK input is TTL threshold voltage of 1.5 V and sampling on 


the LOW-to-HIGH 
transition of the input clock signal. 


• TTL (mode 2); CLK decoupled 
to DGND by a capacitor. CD< input is TTL threshold voltage of 1.5 V and sampling on 


the HIGH-to-LOW 
transition of the input clock signal. 


• AC drive modes (modes 3 and 4); When driving the CLK input directly and with any AC signal of 0.5 V (peak-to-peak 


value) imposed on a DC level of 1.5 V. sampling takes place on the LOW-to-HIGH 
transition of the clock signal. When 


driving the CD< input with such a signal, sampling takes place on the HIGH-to-LOW 
transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple this input to DGND with a 100 nF 
capacitor. 


SYMBOL 
PACKAGE 
TYP. 
UNIT 


Rlhi-a 
SOT101 
+ 55 
KIW 


Rlhi-a 
SOT137A 
+ 75 
KIW 


Inputs and outputs are protected 
against electrostatic 
discharges 
in normal 


handling. However, to be totally safe, it is desirable to take normal precautions 
appropriate 
to handling integrated circuits. 


CHARACTERISTICS 
(see Tables 1 and 2) 


VCCA= V7 - V3 = 4.75 V to 5.25 V; VCCD= V18- V20 = 4.75 V to 5.25 V; Vcca = V19- V20 = 4.75 V to 5.25 V; AGND and 
DGND shorted together; VCCA- VCCD= -0.5 V to +0.5 V; Vcca - VCCD= -0.5 V to +0.5 V; VeCA - VCCD= -0.5 V to 
+0.5 V; Tamb= 0 oc to +70 oC; unless otherwise specified (typical values measured at VCCA= VCCD= Vcca = 5.0 Vand 


Tamb= 25 0C) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
I 
TYP. 
MAX. 
UNIT 


Supplies 


VCCA 
analog supply voltage 
4.75 
5.0 
5.25 
V 


VCCD 
digital supply voltage 
4.75 
5.0 
5.25 
V 


Vcca 
output stages supply voltage 
4.75 
5.0 
5.25 
V 


ICCA 
analog supply current 
- 
18 
26 
mA 


ICCD 
digital supply current 
- 
19 
25 
mA 


Icca 
output stage supply current 
all outputs lOW 
- 
11 
14 
mA 


Inputs 
CLOCK INPUT ClK AND ClK (note 1; referenced to DGND) 


VIL 
input voltage lOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2.0 
- 
VCCD 
V 


IlL 
input current lOW 
VCLKNcLK = 0.4 V 
-400 
- 
- 
J.lA 


IIH 
input current HIGH 
VCLKNCLK= 2.7 V 
- 
- 
100 
J.lA 


VCLKNcLK = VCCD 
- 
- 
300 
J.lA 


Zo 
input impedance 
fCLK/fcLK = 10 MHz 
- 
4 
- 
kQ 


Ci 
input capacitance 
fCLK/fCLK= 10 MHz 
- 
4.5 
- 
pF 


VCLK(p-p)- 
AC input voltage for switching 
note 1; 
0.5 
- 
2.0 
V 


VCLK(P-P) 
(peak-to-peak 
value) 
DC level = 1.5 V 


INPUTS TC AND CE (referenced to DGND) 


VIL 
input voltage lOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2.0 
- 
VCCD 
V 


hL 
input current lOW 
VIL = 0.4 V 
-400 
- 
J.lA 


IIH 
input current HIGH 
VIH = 2.7 V 
- 
- 
20 
IlA 


VI (analog input voltage referenced to AGND) 


hL 
input current lOW 
VVI= 1.6 V 
- 
0 
- 
J.lA 


hH 
input current HIGH 
VVI= 3.8 V 
60 
120 
180 
J.lA 


Zo 
input impedance 
f; = 1 MHz 
- 
10 
- 
kQ 


Cj 
input capacitance 
f;=1 
MHz 
- 
14 
- 
pF 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
I 
MAX. 
UNIT 
Reference 
voltages for the resistor ladder 


VRS 
reference voltage LOW 
1.5 
1.6 
1.9 
V 


VRT 
reference voltage HIGH 
3.5 
3.8 
3.9 
V 


VREF 
differential 
reference voltage 
2 
2.2 
- 
V 
VRT-VRS 


·IREF 
reference current 
- 
10 
- 
mA 


RLAO 
resistor ladder 
- 
200 
- 
n 


RTLC 
temperature 
coefficient 
of the 
- 
0.24 
- 
nJ°C 
ladder 


Vos 
voltage offset bottom 
note 5 
- 
258 
- 
mV 


VOBTC 
voltage offset bottom temperature 
note 5 
- 
0.1 
- 
mV/oC 
coefficient 


VOT 
voltage offset top 
note 5 
- 
132 
- 
mV 


Vonc 
voltage offset top temperature 
note 5 
- 
-0.3 
- 
mV/oC 
coefficient 


Outputs 
DIGITAL OUTPUTS (07 - DO)(referenced to DGND) 


VOL 
output voltage LOW 
10=1mA 
0 
- 
0.4 
V 


VOH 
output voltage HIGH 
10=-0.4 
mA 
2.7 
- 
Vcco 
V 


loz 
output current in 3-state mode 
0.4 V < Va < Vcco 
-20 
- 
20 
llA 
Switching characteristics 
(note 1,2; see Fig.3) 


fCLK/fCLK 
maximum clock frequency 
150 
- 
- 
I MHz 
Analog signal processing (fCLK= 50 MHz) 


B 
-3 dB bandwidth 
note 3 
- 
19.5 
- 
MHz 


Gd 
differential 
gain 
note 4 
- 
0.3 
2.0 
% 
cIld 
differential 
phase 
note 4 
- 
0.4 
1.5 
deg 


f, 
fundamental 
harmonics (full-scale) 
f; =4.43 
MHz 
0 
0 
0 
dB 


Feven 
even harmonics (full-scale) 
f; =4.43 
MHz 
- 
-65 
- 
dB 


Food 
odd harmonics (full scale) 
f; =4.43 MHz 
- 
-55 
- 
dB 


Transfer function (fCLK= 50 MHz) 


ILE 
DC integral linearity error 
- 
- 
±0.75 
LSB 
OLE 
DC differential 
linearity error 
- 
- 
± 1/2 
LSB 
AILE 
AC integral linearity error 
note 6 
- 
- 
±2 
LSB 
EB 
effective bits f; = 1 MHz 
fCLK= 20MHZ 
- 
7.8 
- 
bits 
EB 
effective bits f; = 4.43 MHz 
fCLK= 40MHZ 
- 
7.5 
- 
bits 
EB 
effective bits f; = 4.43 MHz 
fCLK= 50MHZ 
- 
7.2 
- 
bits 
-=-c..-.------. 
Timing (note 7; see Figs 3 to 6; fCLK= 50 MHz) 
~s 
sampling delay 
- 
- 
2 
ns 
tHO 
output hold time 
6 
- 
- 
ns 
~LH 
output delay time 
LOW-to-HIGH 
- 
8 
10 
ns 
transition 


~HL 
output delay time 
HIGH-to-LOW 
- 
14 
16 
ns 


transition 
tdZH 
3-state output delay times 
enable-to-HIGH 
- 
19 
25 
ns 
tdZL 
3-state output delay times 
enable-to-LOW 
- 
16 
20 
ns 
tdHZ 
3-state output delay times 
disable-to-HIGH 
- 
14 
20 
ns 
tdLZ 
3-state output delay times 
disable-to-LOW 
- 
9 
12 
ns 


Notes to the characteristics 


1. The circuit has two clock inputs ClK and ClK. There are four modes of operation: 


o TTl 
(mode 1); ClK decoupled 
to DGND by a capacitor. ClK input is TTl 
threshold voltage of 1.5 V and sampling 


on the loW-to-HIGH 
transition of the input clock signal. 


o TTl 
(mode 2); ClK decoupled 
to DGND by a capacitor. ClK 
input is TTl 
threshold voltage of 1.5 V and sampling 


on the HIGH-to-loW 
transition of the input clock signal. 


o AC drive modes (modes 3 and 4); When driving the ClK input directly and with any AC signal of 0.5 V (peak-to- 
peak value) imposed on a DC level of 1.5 V, sampling takes place on the loW-to-HIGH 
transition of the clock 
signal. When driving the ClK input with such a signal, sampling takes place on the HIGH-to-loW 
transition. 


If one of the clock inputs is not driven, then it is recommended 
to decouple this input to DGND with a 100 nF 
capacitor. 


2. In addition to a good layout of the digital and analog ground, it is recommended 
that the rise and fall times of the 


clock must not be less than 2 ns. 


3. The -3 dB bandwidth 
is determined 
by the 3 dB reduction in the reconstructed 
output (full-scale signal at the input). 


4. low frequency ramp signal (VVI(p-p)= 1.8 V and fi = 15 kHz) combined 
with a sinewave input voltage 
(VVI(p-P)= 0.5 V, fi = 4.43 MHz) at the input. 


5. Analog input voltages producing 
code 00 up to and including FF 


o Vas (voltage offset bottom) is the difference between the analog input which produces data equal to 00 and the 


reference voltage bottom (VRS)at Tamb= 25°C. 


o VasTc (voltage offset bottom temperature 
coefficient) 
is the dependence 
of Vas with temperature. 


o VaT (voltage offset top) is the difference between VRT(reference voltage top) and the analog input which produces 


data outputs equal to FF,at Tamb= 25°C. 


o Vanc 
(voltage offset top temperature 
coefficient) 
is the dependence 
of VaT with temperature. 


6. Full-scale sinewave (fi = 4.4 MHz; fCLKifcLK = 27 MHz). 


7. Output data acquisition 


o Output data is available after the maximum delay of tdHL and tdLH. 


o Output data is fully stable during the low level of the clock. Thus it is recommended 
that acquisition 
of this data is 
made after the falling edge of the clock, instead of after the maximum (tdHL,tdLH). 


Table 1 Output coding and input voltage (typical values; referenced to AGND ,VRS= 1.6 V ,VRT= 3.8 V) 


BINARY OUTPUT BITS 
TWO'S COMPLEMENT 
OUTPUT BITS 
STEP 
VVI(P-P) 
O/UF 
07 
06 
05 
04 
03 
02 
01 
00 
07 
06 
05 
04 
03 
02 
01 
00 


underflow 
<1.858 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1.858 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 


254 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
0 
255 
3.668 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
overflow 
>3.668 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 


TC 
CE 
07 - 00 
O/UF 


X 
1 
high impedance 
high impedance 


0 
0 
active; two's complement 
active 


1 
0 
active; binary 
active 


sample 
N + 1 
/ 


r.f.rence 
level 
(1.3 VI 


IN916 


or 


IN306-4 


TIMING 
MEASUREMENT 
SWITCHS1 
SWITCHS2 
CAPACITORC 


tdZH 
open 
closed 
15 pF 


tdZL 
closed 
open 
15 pF 


tdHZ 
closed 
closed 
5 pF 


tdLZ 
closed 
closed 
5 pF 


::~! I],,_.. 


VRS 


AGND -----Lt 
MEA050 


Additional 
application 
information 
will be supplied upon request (please quote 


number FTV 19001). 


01 
24 
02 


DO 
2 
23 
03 


AGNO 
3 
22 
CE 


100 nF 
vRS 
21 
TC 
H 


n.C. 
5 
20 
OGNO 


n.c. 
6 
19 vcca 


TOA8713 


VCCA 
18 
VCCO 


VI 
8 
17 
ClK 


100 nF 
VRT 
ClK 
H 
16 


n.C. 
10 
15 
04 


OIUF l' 
14 
05 


07 
12 
13 
D6 


MEA049 


Fig.13 Application 
diagram. 


Notes to Fig.13 


1. ClK should be decoupled 
to the DGND with a 100 nF capacitor, if pin ClK 


is used (see 'Notes to the characteristics', 
note 1). 


2. ClK and CD< can be used in a differential 
mode (see 'Notes to the 
characteristics'. 
note 1). 


5. Pins 5,6 and 10 should be connected 
to AGND in order to prevent noise 


influence. 


6. The external voltage regulator must be build in such a way that a good 


supply voltage ripple rejection is achieved with respect to the lSB value. 


• 8-bit resolution 
• Sampling rate up to 50 MHz 
• 
High signal-to-noise 
ratio over a 


large analog input frequency range 
(7.5 effective bits at 4.43 MHz full- 
scale input at a 40 MHz clock 


frequency) 
• 
ECl (10KH family) compatible 
digital inputs and outputs 
• Overflow/underflow 
ECl output 
• 
low-level 
AC clock input signal 


allowed 
• 
Power dissipation 
only 325 mW 


(typical) 
• 
low analog input capacitance, 
no 


buffer amplifier required 
• 
No sample and hold circuit 
required 


• 
High-speed 
analog-to-digital 


conversion for: 
- video data digitizing 
- radar pulse analysis 
- transient signal analysis 
- high energy physics research 
- L~ modulators 
- medical imaging 


The TDA8715 is a monolithic 
bipolar 


8-bit high-speed 
analog-to-digital 


converter 
(ADC) for profesional video 


and other applications. 
It converts 


the analog input signal into 8-bit 
binary-coded 
digital words at a 


maximum sampling rate of 50 MHz. 
All digital inputs and outputs are 
10KH ECl compatible. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA8715 
18 
Dil 
plastic 
SOT102 


TDA8715T 
20 
S020 
plastic 
SOT163A 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VEEA 
analog supply voltage 
-4.7 
-5.2 
-5.7 
V 


VEED 
digital supply voltage 
-4.7 
-5.2 
-5.7 
V 


IEEA 
analog supply current 
- 
20 
25 
mA 


IEED 
digital supply current 
see note 
- 
52 
60 
mA 


ILE 
DC integral linearity error 
- 
±0.4 
±0.75 
LSB 


DLE 
DC differential 
linearity error 
- 
±0.25 
±0.5 
LSB 


EB 
effective bits (f;= 4.43 MHz) 
fCLK= 50 MHz 
- 
7.2 
- 
bits 


fCLK/fcLK 
maximum clock frequency 
50 
- 
- 
MHz 


Tamb 
operating ambient temperature 
range 
0 
- 
+125 
°C 


Ptot 
total power dissipation 
see note 
- 
325 
425 
mW 


Note to the Quick Reference Data 


All digital outputs connected 
to VEEDvia 2.2 kQ resistors. 


RESISTOR 
LADDER 


& 


ANALOG 
SIGNAL 


PROCESSING 


INPUT· 


AND 
OUTPUT 
LATCHES 


& 


DIGITAL 
DECODING 


MSB 


D6 


05 


D4 


ECLOUTPUTS 
03 
data outputs 


02 


2 
DO 
LSB 


SYMBOL 
PIN 
DESCRIPTION 


01 
1 
data output, bit 1 


00 
2 
data output, bit 0 (lSB) 


VEEA 
3 
analog negative supply voltage (-5.2 V) 


VRS 
4 
reference voltage bottom input 
AGNO 
5 
analog ground 


VI 
6 
analog voltage input 


VRT 
7 
reference voltage top input 


O/UF 
8 
overflow/underflow 
data output 


07 
9 
data output, bit 7(MSB) 


06 
10 
data output, bit 6 


05 
11 
data output, bit 5 
04 
12 
data output, bit 4 
ClK 
13 
clock input 
ClK 
14 
complementary 
clock input 
OGNO 
15 
digital ground 


VEED 
16 
digital negative supply voltage (-5.2 V) 


03 
17 
data output, bit 3 
02 
18 
data output, bit 2 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VEEA 
analog supply voltage range 
-7 
0.3 
V 


VEED 
digital supply voltage range 
-7 
0.3 
V 


VVI 
input voltage range 
-7 
0.3 
V 


VCLK/ 
AC input voltage for sWitching (peak-to-peak 
see note 
- 
2.0 
V 


VCLK 
value) 


10 
output current 
-15 
+10 
mA 


Tsto 
storage temperature 
range 
-55 
+150 
°C 


Tamb 
operating ambient temperature 
range 
0 
70 
°C 


Ti 
junction temperature 
- 
+175 
°C 


Note to the Ratings 


The circuit has two clock inputs CLK and CD<. There are two modes of operation: 


• 
Differential drive modes; When driving the CLK input and the CLK input directly with two complementary 
ECL signals 
or with two complementary 
sinewave signals, imposed on a DC level of -1.3 V,sampling takes place on the LOW-to- 
HIGH transition 
of the clock signal. 


• 
Asymmetrical 
drive modes: When driving the CLK input directly with a ECL signal or a sinewave signal imposed on a 
DC level of -1.3 V, sampling takes place on the LOW-to-HIGH 
transition of the clock signal. 


• When driving the CLK input with a ECL signal only (Asymmetrical 
drive modes) , it is recommended 
to decouple the 
CD< input to DGND with a capacitor and connected 
to VEED by a 150 kQ resistor. 


SYMBOL 
PACKAGE 
TYP. 
UNIT 


Rthj-a 
SOT102 
+65 
KIW 


Rthj-a 
SOT163A 
0 
KIW 


Inputs and outputs are protected 
against electrostatic 
discharges 
in normal 
handling. However, to be totally safe, it is desirable to take normal precautions 
appropriate 
to handling integrated circuits. 


CHARACTERISTICS 
(see Tables 1 and 2) 


VEEA= V3 - V5 = -4.7 V to -5.7 V; VEED= V16- V15= -4.7 V to -5.7 V; AGND and DGND shorted together; Tamb= 0 °C to 
70°C; unless otherwise specified (typical values measured at VEEA= -5.2V; VEED= -5.2 V and Tamb= 25°C) 


SYMBOL 
PARAMETER 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
UNIT 


Supplies 


VEEA 
analog supply voltage 
-4.7 
-5.2 
-5.7 
V 


VEED 
digital supply voltage 
-4.7 
-5.2 
-5.7 
V 


IEEA 
analog supply current 
- 
20 
25 
mA 


IEED 
digital supply current 
note 5 
- 
52 
60 
mA 


IWEE 
supply voltage difference 
-0.5 
0 
+0.5 
V 
VEEA- VEED 
Reference 
voltages for the resistor ladder 


VRS 
reference voltage lOW 
-3.2 
-3.0 
-2.7 
V 


VRT 
reference voltage HIGH 
-0.9 
-0.6 
-0.4 
V 


Vref 
differential 
reference voltage 
2.3 
2.4 
- 
V 
VRT-VRS 


Iref 
reference current 
- 
12.6 
- 
mA 


RLAD 
resistor ladder 
- 
200 
- 
0 


RTLC 
temperature 
coefficient 
of the 
- 
0.24 
- 
QjoC 


ladder 


Vas 
voltage offset bottom 
note 6 
- 
317 
- 
mV 


VasTC 
voltage offset bottom 
note 6 
- 
0.1 
- 
mV/oC 
temperature 
coefficient 


VOT 
voltage offset top 
note 6 
- 
174 
- 
mV 


Vanc 
voltage offset top 
note 6 
- 
-0.3 
- 
mV/oC 
temperature 
coefficient 
Inputs 
CLOCK INPUT ClK (note 1) 


VIL 
input voltage lOW 
-1.85 
-1.77 
-1.65 
V 


VIH 
input voltage HIGH 
-0.96 
-0.88 
-0.81 
V 
IlL 
input current lOW 
VCLK=-1.77 
V 
- 
-240 
- 
IlA 
IIH 
input current HIGH 
VCLK= -0.88 
V 
- 
-14 
- 
!J.A 


Rj 
input resistance 
fCLK= 10 MHz 
- 
7.0 
- 
kO 


fCLK= 50 MHz 
- 
3.5 
- 
kO 
Cj 
input capacitance 
fCLK= 10 MHz 
- 
1.8 
- 
pF 


fCLK= 50 MHz 
- 
1.55 
- 
pF 
CLOCK INPUT ClK (note 1) 


VIL 
input voltage lOW 
-1.85 
-1.77 
-1.65 
V 
VIH 
input voltage HIGH 
-0.96 
-0.88 
-0.81 
V 


IlL 
input current lOW 
VCLK=-1.77V 
- 
-140 
- 
IlA 


IIH 
input current HIGH 
VCLK= -0.88 V 
- 
75 
- 
!J.A 


Rj 
input resistance 
fCLK= 10 MHz 
- 
9.3 
- 
kO 


fCLK= 50 MHz 
- 
4.5 
- 
kn 


Cj 
input capacitance 
fCLK= 10 MHz 
- 
2.6 
- 
pF 
fCLK= 50 MHz 
- 
2.4 
- 
pF 
VCLK(p-pj- 
AC input voltage for sWitching 
0.5 
0.9 
1.1 
V 


VCLK(p-p) 
(peak-to-peak 
value) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
I 
MAX. 
UNIT 


VI (analog input with VRS= -3.1 V and VRT= -0.6 V) 


IlL 
input current LOW 
data output 00 
- 
0 
- 
IJ.A 


IIH 
input current HIGH 
data output FF 
- 
120 
- 
IJ.A 


Ai 
input resistance 
f; = 1 MHz 
- 
9.4 
- 
kn 


C; 
input capacitance 
f; = 1 MHz 
- 
13.7 
20 
pF 


Outputs 
DIGITAL OUTPUTS (07 - DOand O/UF) (Digital 1OKH ECL outputs) 


VOL 
output voltage LOW 
Tamb=25°C 
-1.95 
-1.77 
-1.65 
V 


VOH 
output voltage HIGH 
Tamb=25°C 
-0.96 
-0.88 
-0.81 
V 


IOL 
output current LOW 
- 
1.8 
4 
mA 


IOH 
output current HIGH 
- 
1.8 
4 
mA 


Switching 
characteristics 


fCLK/fCLK 
maximum clock frequency 
50 
I - 
- 
MHz 


Analog 
signal processing 
(fCLK= 50 MHz) 


B 
-3 dB bandwidth 
note 2 
- 
20.5 
- 
MHz 


Gd 
differential 
gain 
note 3 
- 
0.3 
2.0 
% 


Gld 
differential 
phase 
note 3 
- 
0.4 
1.5 
deg 


f1 
fundamental 
harmonics (full- 
f; = 4.43 MHz 
0 
0 
0 
dB 
scale) 


Feven 
even harmonics (full-scale) 
f;= 4.43 MHz 
- 
-60 
- 
dB 


Food 
odd harmonics (full scale) 
f; = 4.43 MHz 
- 
-50 
- 
dB 


Transfer 
function 
(fCLK= 50 MHz) 


ILE 
DC integral linearity error 
- 
- 
±0.75 
LSB 


OLE 
DC differential 
linearity error 
- 
- 
+0.5 
LSB 


AILE 
AC integral linearity error 
note 4 
- 
+0.75 
- 
LSB 


EB 
effective bits f; = 600 kHz 
fCLK= 20MHz 
- 
7.8 
- 
bits 


EB 
effective bits f; = 4.43 MHz 
fCLK=50MHz 
- 
7.2 
- 
bits 


EB 
effective bits f; = 7 MHz 
fCLK= 50MHz 
- 
6.9 
- 
bits 


Timing 
(note 7; see Fig. 3) 


tdS 
sampling delay 
- 
1 
3 
ns 


tHO 
output hold time 
3 
4 
- 
ns 


tctLH 
output delay time 
LOW-to-HIGH 
4 
5 
8 
ns 
transition 


tctHL 
output delay time 
HIGH-to-LOW 
6 
7 
10 
ns 
transition 


Notes to the characteristics 


1. The circuit has two clock inputs ClK and e[l<. There are two modes of operation: 


• 
Differential drive modes; When driving the ClK 
input and the CD< input directly with two complementary 
ECl signals 
or with two complementary 
sinewave signals, imposed on a DC level of -1.3 V, sampling takes place on the lOW-to- 


HIGH transition of the clock signal. 


• 
Asymmetrical 
drive modes; When driving the ClK input directly with a ECl signal or a sinewave signal imposed on a 
DC level of -1.3 V,sampling takes place on the lOW-to-HIGH 
transition orthe clock signal. 


• When driving the ClK input with a ECl signal only (Asymmetrical drive modes) , it is recommended 
to decouple the 


CD< input to DGND with a capacitor 
and connected 
to VEEO by a 150 kQ resistor. 


3. low frequency ramp signal (VVI(P-p) = 1.8 V and f; = 15 kHz) combined with a sinewave input voltage 
(VVI(p-p) = 0.5 V, 


fj = 4.43 MHz) at the input. 


• Vos (voltage offset bottom) is the difference between the analog input which produces data equal to 00 and the 
reference voltage bottom 
(VAS) at Tamb= 25°C. 


• 
VOSTC 
(voltage offset bottom temperature 
coefficient) 
is the dependence 
of Vos 
with temperature. 


• 
VOT (voltage offset top) is the difference 
between 
VAT (reference voltage top) and the analog input which produces 


data outputs equal to FF,at Tamb= 25°C. 


• 
VOTTC 
(voltage offset top temperature 
coefficient) 
is the dependence 
of VOT with temperature. 


• Output data is available after the maximum delay of tdHL and tdLH· 
• Output data is fully stable during the low level of the clock. Thus it is recommended 
that acquisition 
of this data is 
made after the falling edge of the clock, instead of after the maximum (ldHL,tdLH). 


Table 1 Output coding and input voltage (typical values; VRS= -3.0 V; VRT= 
-0.6 V and V \/I referenced to AGND) 


BINARY OUTPUT BITS 


STEP 
VVI 
O/UF 
07 
D6 
05 
D4 
03 
02 
01 
DO 


underflow 
<-2.789 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-2.783 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
-2.775 
0 
0 
0 
0 
0 
0 
0 
0 
1 


254 
0 
1 
1 
1 
1 
1 
1 
1 
0 


255 
-0.774 
0 
1 
1 
1 
1 
1 
1 
1 
1 


overflow 
>-0.770 
1 
1 
1 
1 
1 
1 
1 
1 
1 


samplo 
N + 1 
/ 


2200 n 
01 
02 
2200 n 
VEEO 
18 
VEEO 


2200 n 
00 
03 
2200 n 
VEEO 
2 
17 
VEEO 


VEEA 
VEEO 
16 


VRS 
OGNO 
15 


~100 
nF 
AGNO 
TDA8715 
ClK 
5 
14 


VI 
ClK 
13 


04 
2200 n 
VRT 
12 
VEEO 
100 nF 


~ 
VEEO 
2200 n 
OIUF 
05 
2200 n 
11 
VEEO 


2200 n 
07 
06 
2200 n 
VEEO 
9 
10 
VEEO 


MEA060 


Fig.8 Application 
diagram. 


Notes to Fig.S 


- All resistors have a value of 2.2 kn; all capacitors 
have a value of 100 nF 


- Analog and digital supplies should be separated and decoupled. 


- The external voltage regulator must be build in such a way that a good 
supply voltage ripple rejection is achieved with respect to the LSB value. 


Preliminary 
specification 


• B-Qit resolution 
• Sampling rate up to 50 MHz 
• High signal-to-noise ratio over a 


large analog input frequency range 
(7.5effective bits at 4.43 MHz full- 
scale input at a 50 MHz clock 
frequency) 
• ECl (10KH family) compatible 
digital inputs and outputs 
• Overflow/underflow 
ECl output 
• low-level AC clock input signal 
allowed 
• Power dissipation only 325 mW 
(typical) 
• low analog input capacitance. no 
buffer amplifier required 
• No sample and hold circuit 
required 


• High-speed analog-to-digital 
conversion for: 
- video data digitizing 
- radar pulse analysis 
- transient signal analysis 
- high energy physics research 
- U. modulators 
- medical imaging 


The TDEB715D is a monolithic 
bipolar B-bit high-speed analog-to- 
digital converter (ADC) for 
professional video and other 
applications. The operating 
temperature range is 55°C up to 125"( 
It converts the analog input signal 
into B-bit binary-coded digital words 
at a maximum sampling rate of 
50 MHz. All digital inputs and outputs 
are 10 KH Eel 
compatible. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
I 
PIN POSITION 
MATERIAL 
T 
CODE 


TDEB715D 
1B 
lDll 
ceramic 
I SOT 
(cerdip) 
133BH3 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VEEA 
analog supply voltage 
--4.95 
-5.2 
-5.45 
V 


VEED 
digital supply voltage 
--4.95 
-5.2 
-5.45 
V 


IEEA 
analog supply current 
- 
20 
25 
mA 


IEED 
digital supply current 
see note 
- 
52 
60 
mA 


ILE 
DC integral linearity error 
- 
±0.4 
±0.75 
LSB 


OLE 
DC differential linearity error 
- 
±0.25 
±0.5 
LSB 


EB 
effective bits (f;= 4.43 MHz) 
fCLK=50 MHz 
- 
7.2 
- 
bits 


fCLK/fCLK 
maximum clock frequency 
50 
- 
- 
MHz 


Tamb 
operating ambient temperature range 
-55 
- 
+125 
°C 


Ptot 
total power dissipation 
see note 
- 
325 
425 
mW 


Note to the Quick Reference Data 


All digital outputs connected to VEED via 2.2 k.Qresistors. 
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SYMBOL 
PIN 
DESCRIPTION 
D1 
1 
data output, bit 1 
DO 
2 
data output, bit 0 (lSB) 


VEEA 
3 
analog negative supply voltage (-5.2V) 


VRS 
4 
reference voltage bottom input 
AGND 
5 
analog ground 


VI 
6 
analog voltage input 


VRT 
7 
reference voltage top input 
O/UF 
8 
overflow/underflow 
data output 


D7 
9 
data output, bit 7(MSB) 


D6 
10 
data output, bit 6 
D5 
11 
data output, bit 5 
D4 
12 
data output, bit 4 
elK 
13 
clock input 
CO< 
14 
complementary clock input 
DGND 
15 
digital ground 


VEED 
16 
digital negative supply voltage (-5.2V) 


D3 
17 
data output, bit 3 
D2 
18 
data output, bit 2 


8-bit high-speed analog-to-digital converter (Mil. temp.) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VEEA 
analog supply voltage range 
-7 
0.3 
V 


VEEO 
digital supply voltage range 
-7 
0.3 
V 


VVI 
input voltage range 
-7 
0.3 
V 
VWI 
AC input voltage for switching (peak-te-peak 
see note 
- 
2.0 
V 
VCLK 
value) 


10 
output current 
-15 
+10 
mA 
Tsta 
storage temperature range 
-55 
+150 
·C 


Tamb 
operating ambient temperature range 
-55 
+125 
·C 


T 
junction temperature 
- 
+175 
·C 


Note to the Ratings 


The circuit has t~o clock inputs elK 
and ~. 
There are two modes of operation: 


• Differential drive modes; When driving the ClK input and the ~ 
input directly with two complementary ECl signals 
imposed on a DC level of -1.3 V,sampling takes place on the lOW-to-HIGH 
transition of the clock signal. 


• 
Asymmetrical 
drive modes; When driving the ClK input directly with a ECl signal or a sinewave signal imposed on a 
DC level of -1.3 V,sampling takes place on the lOW-to-HIGH 
transition of the clock signal. 


• When driving the ClK input with a ECl signal only (Asymmetrical 
drive modes) , it is recommended to decouple the 
~ 
input to DGND with a capacitor and connected to VEEO by a 150 k.Oresistor. 


THERMAL RESISTANCE 


SYMBOL 
PACKAGE 


Rlh'-a 
SOT133BH3 


Inputs and outputs are protected against electrostatic discharges in normal 
handling. However, to be totally safe, it is desirable to take normal precautions 
appropriate to handling integrated circuits. 


CHARACTERISTICS 


VEEA = V3 - Vs = -4.95 
V to -5.45 
V; VEED= V16 - V1S= -4.95 
V to -5.45 
V; AGND 
and DGND 
shorted 
together; 
Tamb = -55 
·C to + 125 ·C; unless 
otherwise 
specified 
(typical 
values 
measured 
at VEEA = -5.2V; 
VEED = -5.2 
Vand 


Tamb = 25°C) 


SYMBOL 
I 
PARAMETER 
CONDITIONS 
MIN. 
I TYP. 
! MAX. 
UNIT 


Supplies 


VEEA 
analog 
supply 
voltage 
-4.95 
-5.2 
-5.45 
V 


VEED 
digital 
supply 
voltage 
-4.95 
-5.2 
-5.45 
V 


IEEA 
analog 
supply 
current 
- 
20 
25 
mA 


IEED 
digital 
supply 
current 
note 5 
- 
52 
GO 
mA 


tNEE 
supply 
voltage 
difference 
-0.5 
0 
+0.5 
V 


VEEA - VEED 


Reference 
voltages 
for the resistor 
ladder 


VRS 
reference 
voltage 
LOW 
-3.4 
-3.1 
-2.8 
V 


VRT 
reference 
voltage 
HIGH 
-1.0 
-O.G 
-0.4 
V 


Vref 
differential 
reference 
voltage 
2.4 
2.5 
- 
V 


VRT-VRS 


Ire! 
reference 
current 
- 
12.G 
- 
mA 


RLAD 
resistor 
ladder 
- 
200 
- 
Q 


RTLC 
temperature 
coefficient 
of the 
- 
0.24 
- 
Q/oC 


ladder 


Vos 
voltage 
offset 
bottom 
noteG 
- 
317 
- 
mV 


VOSTC 
voltage 
offset 
bottom 
temperature 
noteG 
- 
0.1 
- 
mVloC 


coefficient 


VOT 
voltage 
offset 
top 
noteG 
- 
174 
- 
mV 


Vonc 
voltage 
offset 
top temperature 
noteG 
- 
-0.3 
- 
mVloC 
coefficient 


SYMBOL 
PARAMETER· 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Inputs 
CLOCK INPUT ClK (note 1) 


V,L 
input voltage lOW 
-1.85 
-1.77 
-1.65 
V 


V,H 
input voltage HIGH 
-0.96 
-0.88 
-0.81 
V 


IlL 
input current lOW 
VCLK=-1.77V 
· 
-240 
· 
IlA 


I'H 
input current HIGH 
VCLK= -0.88 V 
· 
-14 
· 
IlA 


Ri 
input resistance 
fCLK= 10 MHz 
- 
7.0 
· 
kn 


fCLK=50 MHz 
· 
3.5 
· 
kn 


Ci 
input capacitance 
fCLK= 10 MHz 
· 
1.8 
· 
pF 


fCLK=50 MHz 
- 
1.55 
· 
pF 


CLOCK INPUTaJ< 
(note 1) 


VIL 
input voltage lOW 
-1.85 
-1.77 
-1.65 
V 


VIH 
input voltage HIGH 
-0.96 
-0.88 
-0.81 
V 


I'L 
input current lOW 
VCLK= -1.77 V 
- 
-140 
- 
IlA 


IIH 
input current HIGH 
VCLK= -0.88 V 
- 
75 
- 
IlA 


Ri 
input resistance 
fCLK= 10 MHz 
- 
9.3 
· 
kn 


fCLK= 50 MHz 
- 
4.5 
- 
kn 


Ci 
input capacitance 
fCLK= 10 MHz 
- 
2.6 
· 
pF 


fCLK= 50 MHz 
· 
2.4 
- 
pF 


VQb!$(pop) 
- 
AC input voltage for switching 
0.5 
0.9 
1.1 
V 
VCLK(pop) 
(peak-to-peak value) 


VI (analog input with VRS= -3.1 V and VRT= -0.6 V) 


I'L 
input current lOW 
data output 00 
- 
0 
- 
IlA 


IIH 
input current HIGH 
data output FF 
- 
120 
- 
IlA 


Ri 
input resistance 
f;= 1 MHz 
- 
9.4 
· 
kn 
Ci 
input capacitance 
fi = 1 MHz 
- 
13.7 
20 
pF 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
I UNIT 


Outputs 
DIGITAL 
OUTPUTS 
(D7 - DO and O/UF) (Digital10KH 
ECL outputs) 


VOL 
output 
voltage 
LOW 
Tamb = 25°C 
-1.9 
-1.77 
-1.65 
V 


VOH 
output 
voltage 
HIGH 
Tamb = 25°C 
-0.96 
-0.88 
-0.81 
V 


IOL 
output 
current 
LOW 
- 
1.8 
4 
mA 


IOH 
output 
current 
HIGH 
- 
1.8 
4 
mA 


Switching 
characteristics 


fCLK/fCLK 
maximum 
clock 
frequency 
50 
- 
- 
I MHz 


Analog 
signal 
processing 
(fCLK = 50 MHz) 


B 
-3 
dB bandwidth 
note 2 
- 
20.5 
- 
MHz 


Gd 
differential 
gain 
note 3 
- 
0.3 
2.0 
% 


q>d 
differential 
phase 
note 3 
- 
0.4 
1.5 
deg 


f, 
fundamental 
harmonics 
(fUll-scale) 
fi = 4.43 
MHz 
0 
0 
0 
dB 


Feven 
even harmonics 
(full-scale) 
fi = 4.43 
MHz 
- 
-60 
- 
dB 


Fodd 
odd harmonics 
(full-scale) 
fi =4.43 
MHz 
- 
-50 
- 
dB 


Transfer 
function 
(fCLK = 50 MHz) 


ILE 
DC integral 
linearity 
error 
- 
- 
±0.75 
LSB 


DLE 
DC differential 
linearity 
error 
- 
- 
±0.5 
LSB 


AILE 
AC integral 
linearity 
error 
note 4 
- 
± 0.75 
- 
LSB 


EB 
effective 
bits f, = 600 kHz 
fCLK= 20MHz 
- 
7.8 
- 
bits 


EB 
effective 
bits f, = 4.43 MHz 
fCLK= 50MHz 
- 
7.2 
- 
bits 


EB 
effective 
bits fi = 7 MHz 
fCLK = 50 MHz 
- 
6.9 
- 
bits 


Timing 
(note 7; see Fig. 3) 


tdS 
sampling 
delay 
- 
1 
3 
ns 


tHD 
output 
hold time 
3 
4 
- 
ns 


tdLH 
output 
delay 
time 
LOW-to-HIGH 
4 
5 
8 
ns 


transition 


tdHL 
output 
delay time 
HIGH-to-LOW 
6 
7 
10 
ns 
transition 


Notes to the characteristics 


1. The circuit has two clock inputs ClK and CD<. There are two modes of operation: 


• Differential drive modes; When driving the ClK input and the CD< input directly with two complementary ECl signals 


imposed on a DC level of -1.3 V,sampling takes place on the lOW-to-HIGH 
transition of the clock signal. 


• 
Asymmetrical drive modes; When driving the ClK input directly with a ECl signal or a sinewave signal imposed on a 
DC level of -1.3 V,sampling takes place on the lOW-to-HIGH 
transition of the clock signal. 


• When driving the ClK input with a ECl signal only (Asymmetrical drive modes) , it is recommended to decouple the 
CD< input to DGND with a capacitor and connected to VEEO by a 150 kn resistor. 


3. low frequency ramp signal (VVI(p-p) = 1.8 V and f; = 15 kHz) combined with a sinewave input voltage (VVI(p-p) = 0.5 V, 
f; = 4.43 MHz} at the input. 


• 
Vos (voltage offset bottom) is the difference between the analog input which produces data equal to 00 and the 
reference voltage bottom (VRS)at Tamb= 25 CC. 


• 
VOSTC (voltage offset bottom temperature coefficient) is the dependence of Vos with temperature. 


• 
VOT (voltage offset top) is the difference between VRT (reference voltage top) and the analog input which produces 
data outputs equal to FF,at Tamb= 25 cC. 


• 
Vonc 
(voltage offset top temperature coefficient) is the dependence of VOT with temperature. 


• Output data is available after the maximum delay of laHL and laLH. 
• Output data is fUlly stable during the low level of the clock. Thus it is recommended that acquisition of this data is 
made after the falling edge of the clock, instead of after the maximum (laHL. laLH). 


Table 1 Output 
coding 
and input 
voltage 
(typical 
values; 
VRS = -3.1 
V; 


VRT = -0.6 
V and VVI referenced 
to AGND) 


BINARY 
OUTPUT 
BITS 


STEP 
VYI 
O/UF 
07 
06 
05 
04 
03 
02 
01 
DO 


underflow 
<-2.789 
1 
0 
0 
0 
0 
0 
0 
0 
0 


0 
-2.783 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
-2.775 
0 
0 
0 
0 
0 
0 
0 
0 
1 


254 
0 
1 
1 
1 
1 
1 
1 
1 
0 


255 
-0.774 
0 
1 
1 
1 
1 
1 
1 
1 
1 


overflow 
>-0.770 
1 
1 
1 
1 
1 
1 
1 
1 
1 


sample 
N + 1 
/ 


APPLICATION INFORMATION 


2200 n 
01 
02 
2200 n 


VEEO 
18 
VEEO 


2200 n 
DO 
03 
2200 n 
VEEO 
17 
VEEO 


VEEA 
VEEO 
16 


VRS 
OGNO 
1S 
J; 100 nF 
AGNO 
ClK 


TOE871S0 
14 


VI 
ClK 


13 


04 
2200 n 
VRT 
12 
VEEO 
J; 100 nF 
2200 n 
OIUF 
OS 
2200 n 
, 
VEEO 
11 
VEEO 


2200 n 
07 
06 
2200 n 
VEEO 
10 
VEEO 


MEA052' 


Notes 
to Fig.S 


- All resistors 
have a value of 2.2 kQ; all capacitors 
have a value of 100 nF 


- The external 
voltage 
regulator 
must 
be build 
in such a way that a good 


supply 
voltage 
ripple 
rejection 
is achieved 
with 
respect 
to the LSB value. 


Section 10 
Digital-to-Analog Converters 


Symbols and definitions for digital-to-analog 
converters 
... 


DAC08 Series 
8-Bit high-speed multiplying 
D/A converter 


MC1508-8/ 


1408-8 


MC3410. 


MC3410C 


NE/SE5018/ 


5019 


NE5020 


NE/SE5410 


AM6012 


TDA1541A 


TDA1543 


TDA1543A 


TDA1545 


TDA1547 


TDA8444/ATIT 


TDA8702IT 


TDE8712D 


. .. . .. . . ... 
.. . . . 516 


. 517 


8-Bit IlP-compatible 
D/A converter. 
. . . . . • . . . . 
. .. 
543 


10-Bit IlP-compatible 
D/A converter. 
. 549 


10-Bit high-speed 
multiplying D/A converter 
557 


12-Bit multiplying D/A converter. 
566 


Stereo high-performance 
16-bit DAC . . . . . . 
577 


Dual 16-bit DAC (economy version) (12S input format) 
... 
586 


Dual 16-bit DAC (economy version) (Japanese 
input format) 
.. 
595 


Stereo continuous 
calibration 
DAC 
. .. 
603 


Dual top-performance 
bitstream DAC 
. . . 612 


Octuple 6-bit DAC with 12C-bus . . . . . . . . . . • . . . . 
. .. 
626 


8-bit video digital-to-analog 
converter 
635 


8-bit video digital-to-analog 
converter (Mil. temp.) 
648 


Absolute Accuracy Error 
Absolute Accuracy 
Error of a DAC at an input 
code is the difference between the theoretical 
output voltage/current 
at a digital input code 
and the actual analog output voltage/current 
produced at the same code. 


Absolute Accuracy 
Error includes gain error, 


offset error and relative accuracy error and is 
typically expressed in LSBs or in percent of 
full-scale range (FSR). 


Differential Linearity Error 
Differential Linearity Error of a DAC is the 
difference between the actual step size 
between any two adjacent codes and the 
ideal step size (which is equal to 1 LSB of the 
DAC). 
A differential linearity error of greater 
than 1 LSB can lead to non-monotonicity. 


Digital Feedthrough 
The amount of digital energy at the digital 
inputs that appear at the DAC output. 


Full·Scale Range (FSR) 
The Full-Scale Range (FSR) of a DAC is the 
scale factor that determines 
the nominal 


conversion 
relationship; 
e.g., 10V span for a 
full-scale code change in a fixed reference 


converter. 


In a unipolar DAC of n bits, the output 
voltage/current 
is OV/mA with all bits OFF. 


With all bits turned ON, the output 
voltage/current 
is FSR x (1-Z-N). 


In a bipolar DAC, the output voltage/current 
is 
-FSR/2 
with all bits OFF. With all bits turned 
ON, the output voltage/current 
is FSR x 


(1_Z-IN-1)}. 


Glitch 
The transition spike that occurs at the output 
of a DAC. When the digital input code 
changes, not all input switches change at 
precisely the same time, leading to either 
positive or negative spikes when the input 


code changes. 
The energy in these "glitches" 


is proportional 
to the area under the glitch; 


hence, we generally refer to "glitch energy" as 
the area under the glitch in nV - seconds or 
LSB - seconds. 
The largest glitch tends to 
occur at the transition from the code where 
the MSB is a logic low with all other bits a 
logic high to the 1's complement 
of this word. 


Integral Non-Linearity 
Same as Relative Accuracy. 


Least Significant Bit 
The Least Significant 
Bit (LSB) is the 


lowest-order 
bit and carries the smallest 


weight. 
In an n-bit DAC, the weight of the 


LSB is FSR/(2N-1). 
It is the smallest discrete 
step that can be attained in the output of the 
DAC. 


Monotonicity 
A DAC is said to be monotonic if the output 
either increases or remains constant as the 
digital input increases from any code to the 
next higher code. 


Most Significant Bit 
The Most Significant 
Bit (MSB) is the highest 


order bit and carries the most weight. 
The 
weight of the MSB is 1/2 the FSR of the DAC. 


Offset Error (Unipolar and 
Bipolar) 
In a DAC, unipolar offset is the actual analog 
output voltage/current 
with all the bits turned 
OFF. Offset Error causes a shift in the 
transfer characteristic 
of the DAC. Similarly 
for bipolar offset, it is the actual output 
voltage/current 
with the digital input at 
half-scale. 


Output Voltage Compliance 
For a current output DAC, the maximum 
range of output voltage for which the output 
current will be within specifications. 


Power Supply Sensitivity 
The Power Supply Sensitivity of a DAC is the 
change in the DAC output with changes in 
the DC power supply voltages. 
It is usually 
expressed in LSBsN 
or in %FSRN. 


Relative Accuracy 
Relative Accuracy 
Error is the deviation of the 


DACs actual output voltage/current 
from the 


ideal output voltage/current 
on a straight line 
connecting 
the end points of the transfer 
characteristic 
after nulling offset error and 
gain error. 
It is generally expressed 
in LSBs 
or in %FSR. 


Resolution 
Resolution of a DAC is the number of bits at 
its input. 
The number of discrete output 
levels is 2N where N is the resolution of the 
converter. 


Settling Time 
The time required, following a prescribed 
change in the digital inputs, for the output of 
the DAC to reach and remain within a 
specified fraction (typically ±1/2 LSB) of its 
final value. 
This parameter is usually 
specified for a full-scale change. 


Temperature Coefficients 
In general, Temperature 
Coefficients 
are 
expressed either in ppml°C or in LSBs/°C or 
as a change in the specified parameter over 
the temperature 
range. 
Measurements 
are 


usually made at room temperature 
and at the 


temperature 
extremes of the specified 
temperature 
range; the Temperature 
Coefficient is defined as the change in the 
parameter from its room temperature 
value 
divided by the corresponding 
temperature 
change. 


DESCRIPTION 
The DAC08 series of 8-bit monolithic 
multiplying Digital-to-Analog 
Converters 
provide very high-speed 
performance 
coupled with low cost and outstanding 
applications 
flexibility. 


Advanced circuit design achieves 70ns 
settling times with very low glitch and at low 
power consumption. 
Monotonic multiplying 
performance 
is attained over a wide 20-to-1 
reference current range. Matching to within 1 
LSB between reference and full-scale 
currents eliminates the need for full-scale 
trimming in most applications. 
Direct interface 
to all popular logic families with full noise 
immunity is provided by the high swing, 
adjustable threshold logic inputs. 


Dual complementary 
outputs are provided, 
increasing versatility and enabling differential 
operation to effectively double the 
peak-to-peak 
output swing. True high voltage 
compliance 
outputs allow direct output 


voltage conversion 
and eliminate output op 


amps in many applications. 


All DAC08 series models guarantee full 8-bit 
monotonicity 
and linearities as tight as 0.1% 
over the entire operating temperature 
range. 


Device performance 
is essentially 
unchanged 


over the ±4.5V to ±18V power supply range, 
with 37mW power consumption 
attainable at 


±5V supplies. 


The compact size and low power 
consumption 
make the DAC08 attractive for 
portable and military aerospace 
applications. 


FEATURES 


• Fast settling output current-70ns 


• Full-scale current prematched to ±1 LSB 


• Direct interface to TIL, 
CMOS, ECL, HTL, 
PMOS 


• Relative accuracy to 0.1% maximum over 
temperature 
range 


• High output compliance -10V to +18V 


• True and complemented 
outputs 


• Wide range multiplying capability 


• Low FS current drift - 
±1 Oppml"C 


• Wide power supply range-±4.5V 
to ±18V 


• Low power consumption-37mW 
at ±5V 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Hermetic Cerdip 
-55°C to +125°C 
DAC08F 


16-Pin Hermetic Cerdip 
-55°C to +125°C 
DAC08AF 


16-Pin Plastic DIP 
o to +70°C 
DAC08CN 


16-Pin Hermetic Cerdip 
o to +70°C 
DAC08CF 


16-Pin Plastic DIP 
o to +70°C 
DAC08EN 


16-Pin Hermetic Cerdip 
o to +70°C 
DAC08EF 


16-Pin Plastic SO 
o to +70°C 
DAC08ED 


16-Pin Plastic DIP 
o to +70°C 
DAC08HN 


caMP 


VREF_ 


V+ 
1 
V' 
Ba(LSB) 


VREF+ 2 
B7 


vREF- 
3 
B6 


CaMPEN 
4 
B5 


VLC 
5 
B4 


10 
6 
1 
B3 


V- 
7 
ro 
B2 


10 
a 
t!J B, (MSB) 


TOP VIEW 


NOTE: 
1. SO.and. non-standard pinouts. 


• 8-bit, 1~s A-to-D converters 


• Servo-motor 
and pen drivers 


• Waveform generators 


• Audio encoders and attenuators 


• Analog meter drivers 


• Programmable 
power supplies 


• CRT display drivers 


• High-speed 
modems 


• Other applications 
where low cost, high 
speed and complete input/output 
versatility are required 


• Programmable 
gain and attentuation 


• Analog-Digital 
multiplication 


SYMBOL 
PARAMETER 
RATING 
UNIT 


V+ to V- 
Power supply voltage 
36 
V 


VS-V'2 
Digital input voltage 
V- to V- plus 36V 


VLC 
Logic threshold control 
V-toV+ 


Va 
Applied output voltage 
V-to +18 
V 


I,. 
Reference current 
5.0 
mA 


V,., V1S 
Reference amplifier inputs 
VEEto Vcc 


PD 
Maximum power dissipation TA=25°C 
(still-air)' 


F package 
1190 
mW 


N package 
1450 
mW 


D package 
1090 
mW 


TsoLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


TA 
Operating temperature 
range 


DAC08, DAC08A 
-55 to +125 
°C 


DAC08C, E, H 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


F package at 9.5mW/oC 
N package at 11.6mWFC 
D package at 8.7mW/oC 


DC ELECTRICAL CHARACTERISTICS 
Pin 3 must be atieast3V 
more negative than the potential to which R15 is returned. Vcc=±15V. 
IREF=2.0mA. Output characteristics 
refer to both 


lOUTand lOUr unless otherwise 
noted. DAC08C. E. H: TA=O°C to 70°C DAC08/08A: 
TA=-55°C to 125°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
DAC08C 
DAC08E 
UNIT 
DAC08 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Resolution 
8 
8 
8 
8 
8 
8 
Bits 


Monotonicity 
8 
8 
8 
8 
8 
8 
Bits 


Relative accuracy 
Over temperature 
range 
to. 39 
to.19 
%FS 


Differential non-linearity 
to.78 
to.39 
%FS 


TCIFs 
Full-scale tempco 
±10 
±10 
ppmFC 


Voc 
Output voltage compliance 
Full-scale current change< 1/2LSB 
-10 
+18 
-10 
+18 
V 


IFS4 
Full-scale current 
VREF=10.oo0V, R14•R15=5.oo0kQ 
1.94 
1.99 
2.04 
1.94 
1.99 
2.04 
mA 


IFss 
Full-scale symmetry 
IFs4-IFs2 
±2.0 
±16 
±1.0 
±8.0 
!!A 


Izs 
Zero-scale current 
0.2 
4.0 
0.2 
2.0 
!!A 


R'4. R'5=5.0ookQ 
IFSR 
Full-scale output current 
VREF=+15.0V, V-=-10V 
2.1 
2.1 
mA 
range 
VREF=+25.0V, V-=-12V 
4.2 
4.2 


Logic input levels 
V,L 
Low 
VLC=OV 
0.8 
0.8 
V 
V,H 
High 
2.0 
2.0 


Logic input current 
VLC=OV 


I'L 
Low 
V,N=-10V to +0.8V 
-2.0 
-10 
-2.0 
-10 
!!A 


I'H 
High 
V,N=2.0V to 18V 
0.002 
10 
0.002 
10 


V,s 
Logic input swing 
V-=-15V 
-10 
+18 
-10 
+18 
V 


VTHR 
Logic threshold range 
Vs=±15V 
-10 
+13.5 
-10 
+13.5 
V 


1'5 
Reference bias current 
-1.0 
-3.0 
-1.0 
-3.0 
!!A 


dl/dt 
Reference input slew rate 
4.0 
8.0 
4.0 
8.0 
mAillS 


Power supply sensitivity 
IREF=1mA 


PSSIFS+ 
Positive 
V+=4.5 to 5.5V, V-=-15V; 
0.0003 
0.01 
0.0003 
0.01 


V+=13.5 to 16.5V, V-=-15V 
%FSF/oVS 


PSIFs_ 
Negative 
V-=-4.5 to -5.5V. V+=+ 15V; 
0.002 
0.01 
0.002 
0.01 


V-=-13.5to 
-16.5, V+=+15V 


Power supply current 
1+ 
Positive 
Vs=±5V.IREF=1.0mA 
3.1 
3.8 
3.1 
3.8 
1- 
Negative 
-4.3 
-5.8 
-4.3 
-5.8 


1+ 
Positive 
3.1 
3.8 
3.1 
3.8 
1- 
Negative 
Vs=+5V, -15V, IREF=2.0mA 
-7.1 
-7.8 
-7.1 
-7.8 
mA 


1+ 
Positive 
3.2 
3.8 
3.2 
3.8 
1- 
Negative 
Vs=±15V,IREF=2.0mA 
-7.2 
-7.8 
-7.2 
-7.8 


Po 
Power dissipation 
±5V,IREF=1.0mA 
37 
48 
37 
48 


+5V. -15V, IREF=2.0mA 
122 
136 
122 
136 
mW 


±15V.IREF=2.0mA 
156 
174 
156 
174 


DC ELECTRICAL CHARACTERISTICS 
(Continued) 


Pin 3 must be at least 3V more negative than the potential to which R15 is returned. 
Vcc: 
+15V, IREF: 2.0mA, Output characteristics 
refer to 


both lOUTand IOUi', unless otherwise noted. DAC08C, E, H: TA: 
O°C to 70°C. DAC08/08A: 
TA: 
-55°C to 125°C. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
DAC08H 
UNIT 
DAC08A 


Min 
Typ 
Max 


Resolution 
8 
8 
8 
Bits 


Monotonicity 
8 
8 
8 
Bits 


Relative accuracy 
Over temperature 
range 
±O.l 
%FS 


Differential non-linearity 
±O.19 
%FS 


TCIFS 
Full-scale tempco 
±10 
±50 
ppm/oC 


Voc 
Output voltage compliance 
Full-scale current change 
LSB 
-10 
+18 
V 


IFS4 
Full-scale current 
VREF:l0.000V. 
R14, R1S:5.000kn 
1.984 
1.992 
2.000 
mA 


IFss 
Full-scale symmetry 
IFS4-IFS2 
±1.0 
±4.0 
~ 
Izs 
Zero-scale current 
0.2 
1.0 
~ 


R14, R1S:5.000kn 
IFSR 
Full-scale output current range 
VREF:+ 15.0V. V-:-l 
OV 
2.1 
mA 


VREF:+25.0V. V-:-12V 
4.2 


Logic input levels 


VIL 
Low 
VLC:OV 
0.8 
V 
VIH 
High 
2.0 


Logic input current 
VLC:OV 


IlL 
Low 
VIN:-10V to +0.8V 
-2.0 
-10 
~ 
IIH 
High 
VIN:2.0V to 18V 
0.002 
10 


VIS 
Logic input swing 
V-:-15V 
-10 
+18 
V 


VTHR 
Logic threshold range 
Vs:±15V 
-10 
+13.5 
V 


11s 
Reference bias current 
-1.0 
-3.0 
~ 
dl/dt 
Reference input slew rate 
4.0 
8.0 
mAIlls 


Power supply sensitivity 
IREF:1mA 


PSSIFS+ 
Positive 
V+:4.5 
to 5.5V, V-:-15V; 
0.0003 
0.01 


V+:13.5 
to 16.5V, V-:-15V 
%FS/%VS 


PSIFs· 
Negative 
V-:-4.5 
to -5.5V. V+:+ 15V; 
0.002 
0.01 


V-:-13.5 
to -16.5, V+:+15V 


Power supply current 


1+ 
Positive 
Vs:±5V.IREF1.0mA 
3.1 
3.8 
1- 
Negative 
-4.3 
-5.8 


1+ 
Positive 
3.1 
3.8 


1- 
Negative 
Vs:+5V, 
-15V, IREF:2.0mA 
-7.1 
-7.8 
mA 


1+ 
Positive 
3.2 
3.8 
1- 
Negative 
Vs:±15V,IREF:2.0mA 
-7.2 
-7.8 


Po 
Power dissipation 
±5V, IREF-1.0mA 
37 
48 


+5V, -15V, IREF:2.0mA 
122 
136 
mW 


+15V,IREF:2.0mA 
156 
174 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
DAC08C 
DAC08E 
DAC08H 
UNIT 
DAC08 
DAC08A 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


To ± LSB, all bits 


Is 
Settling time 
switched on or off, 
70 
135 
70 
135 
70 
135 
ns 


TA=25°C 


Propagation 
delay 


lpLH 
Low-la-High 
TA=25°C, each bit. 
ns 


IpHL 
High-la-Low 
All bits swilched 
35 
60 
35 
60 
35 
60 


2.4V 


"IN 
0.4V 


~ 
0.'"" 


R ~ 
FOR SETTUNG TIME 
MEASUREMENT 
.0 
(ALL BITS 
SWITCHED LOW 
TO HIGH) 
ICOS25pF 


'.OV 
SETTUNG TIME 


RL,500U 


o 


TRANSIENT 0 
RESPONSE 
l00mV 


14 
R~2OOn 


'5, 


2 


4 


'6 
OPEN 


~ 


0'10 
0 


dl 
I dV 
90% 


dt • RL dt 
--- 
2.OmA 


SLEWING TIME 


14 
l!..4 
R'4 
A, 
VREF(+) 
A2 
115 
A3 
15 


1 


DIGITAL 
DAC-<J8 
INPUTS 


Vo 
OUTPUT 


10 


C 
RL 


NOTES: 
(See texl for values 01C.) 
Typical values of R14' 
R15' 
lk 
VREF .+2.0V 
C .15pF 


VI and II apply 10irllvts A1 through AS 
The resistor tied to Pin 15 is to temperalure 
compensate the bias current and may not be necessary for all applications. 
'0. J~ 
+~ 
+~ 
+~ 
+~ 
+~ 
+~ +~I 
1\12 
4 
8 
16 
32 
64 
128 
256 


where K- 
VREF 
R14 


Output 
Current 
vs Output 
Voltage 
True and Complementary 
Output 
(Output 
Voltage 
Compliance) 
Fast Pulsed 
Reference 
Operation 
Operation 


ALL BITS ON 
3.2 
min 
OT, 
Ok 
A- 
_ 
2.8 
2.5V 
-- 
.. 
VIN 
OrnA 
lOUT 
E2.4 
~ 


~ 
2.0 
V- 
-, 
v 
-- 
5V 
I EF= 
mA 
D.5V~ - 
...-I- 
r-. 
~ 
II: 
I 
I 
-o.5mA I-- 
J •••••~ 


'.OrnA 


~ 
1.8 
~ 
'" 
~ 
1.2 
lOUT 
\ 
I 
.•.. 
r--. 


:0 
-2.5mA 
2.OrnA 
loUT 
f= 
0.8 . 
::>0 0.4 


(0ס0ooooo) 
('1111"') 


0 
-'4 
-'0 
~ 
-2 
0 
2 
6 
'0 
'4 
'8 
2OOnIJclvision 


OUTPUT VOLTAGE (V) 
REa = 2000, RL = 'oon, 
CC = 0 


Full-Scale 
Current 
vs 
Full-Scale 
Settling 
Time 
LSB SwitchIng 
Reference 
Current 


ALL BITS SWITCHED ON 
_ 
5.0 
-' 
'- 
UMITFO 
1 
~t~ 
~~~:~G1'll"- 
V_-'5'(7 
'- 


2.4V 
I 
BIT8 
2.4V 
I- 
4.0 
./ 


LOGIC 
I 
ffi 


0.4V •...-•... 
INPUT 
II: 
/ 
0.4V 
II: 
OUTPUT - 1I2LSB 
::> 
3.0 


0 
OV 
u 
1/ 
I- 
SETTUNG .,I2LSB 
8}'A 
::> 
./ 
UMI 
FO 
lOUT 
A. 
2.0 
.-- 
0 
I- 
/ ""- "' 
V_-5V 
V 
8 


I 


I 
./ 
I 
I 


~ 
'.0 
/ 
I 
SOnallllVlS/OM 
5OnaIDIVISlOM 
I 
I 


'FS-2mA, 
RL.,kn 
'I2LSB.4}'A 
0 


0 
1.0 
2.0 
3.0 
4.0 
5.0 


IREF - 
REFERENCE CURRENT (mA) 


LSB Propagation 
Delay va IFS 
Referenoa 
Input Frequency 
Response 


500 I 


6 


.•. 
4 
.5._ 


Ol 
2 
3 


:!!. 
0 
~ 
I- 
r-.. 
~300 
~ 
-2 
z 
I- 
-4 
I"- 


~200 
8 
, 
2 
'" 
-e 
R~4~Rl~~1.k 
" 
> 
3 


~ • 


~ 
-8 
RLS.~. 
:s 
'00 
'" 


-'0 
ALL BITS "ON" 


A. 


'ml~II~8n 


II: 
-'2 
.... 
",', 
\ 


0 
-'4 
vr'f'~V 
I 


~~ ~ l!1 ;; 
N d ~ ~ 
~ 
S! 
0.' 
0.2 
0.5 
'.0 
2.0 
5.0 
'0 
d 


FREQUENCY (MHz) 


IFS - 
OUTPUT FUU 
SCALE CURRENT (mAl 


NOTES: 


Curve 1: 
CC • 15pF. VIN. 2.OVp.p centered al +l.OV 


Curve 
1: 
CC. 
15pF. VIN. 
srnOvp_p 
centered 
at +200mV 


Curve 
1: 
CC. 
15pF, VIN • l00moVp.p 
centered 
at OV 


and applied 
through 
500. connected 
to Pin 14 • 


• 2.0V applied 10 R,4. 


Reference 
AMP Common-Mode 
Range 
All Bits On 
logic 
Input Current 
vs Input Voltage 
VTH- VLC vs Temperature 
... 
I 
T•. -TmlnTOTm 
•• 
I 
1.0 
2.0 


:c 2.' 
I 
~ 
... 
E 
, 
I 
I 
I 
I 
I 
I 
1.1 
;: 
2.4 


V - 
• 
- 15V 
V - 
• 
- 5Y I 
v .•.• + 15V 
~ 
6.0 
au 
.... 
z 
... 
~ 
2.0 
IREF-2mA 
~ 
g 1.2 
..... 


~ 
1.• 
> 
u 
4.0 
I 1.0 
U 
I 
I 
~ 
~ 
0..1 
f 
1.2 
"~ 
> 
D•• 
.. 0.1 
IR.EF=~mA - 
~ 
" 
I 
!,! 
2.0 
0 
0.4 
0.4 
IREF"" 
a.2mA 
_ 
"9 
0.2 


0 
0 
0 
-14-10 
-I 
-2 
0 2 
I 
10 ,. 
11 
-12 
-I 
-4 
0 
4 
I ,. 
II 
-50 
0 
50 
100 
'50 
Y,5 
- 
REFERENCE 
COMMON 
MODE 
VOLTAGE 
IV) 
LOGIC 
INPUT 
VOLTAGE 
(V) 
TEMPE.A!~~.E(·CI 
POSmVE 
COMUOH·MQDf 
RANOE 
IS ALWAYS 
(v.) ·1.5V. 


Output 
Voltage 
Compliance 
Bit Transfer 
Characteristics 
Power Supply 
Current 
vs V+ 


vs Temperature 


ALL BITS SWITCHED 
ON 
5.0 
:< 
fA-r 
I TOT 
LIMrTF~~ 


S 
ALL B/Vs""HIQ~"· 
-Y_;:I 
-15V 
•.... 


2.4V 
it 
2.cY 
~ 4.0 
BITa 
~ 


./ 


O.4V 
LOGIC 
1./ 
INPUT 
O.4V 
'" 
'.0 
OUTPUT 
- 
Y, LSB 
:> 


0 
ov 
u 
./ 


SETTLING. 
VI LSB 
I,A 
i 
'.0 
./ 
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B 1 through 
Be have 
Identleal1ransf9r 
characteristics. 


B~s are 1ully switched, 
with 
less than 
112LSB error, 
at 
less than ±lOOmV 
from 
actual 
threshokJ. 
These 


switching 
points 
are guaranteed 
to lie between 
0.8 and 


2.0V 
over 
the operating 
temperature 
range 


(VLC 
• O.OV). 
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REO_ 
RIN II Rp 
TypIcal Values 


RIN - 5kn 
.VIN" 10V 


Pulsed Referenced 
Operation 


FUNCTIONAL DESCRIPTION 


Reference Amplifier Drive and 
Compensation 
The reference amplifier input current must 
always flow into Pin 14 regardless of the 
setup method or reference supply voltage 
polarity. 


Connections 
for a positive reference voltage 
are shown in Figure 1. The reference voltage 
source supplies the full reference current. For 
bipolar reference signals, as in the multiplying 
mode, R'5 can be tied to a negative voltage 
corresponding 
to the minimum input level. 


R,s may be eliminated 
with only a small 


sacrifice in accuracy and temperature 
drift. 


The compensation 
capacitor value must be 


increased as R'4 value is increased. This is 
in order to maintain proper phase margin. For 
R'4 values of 1.0, 2.5, and 5.0kn, minimum 
capacitor values are 15, 37, and 75pF, 
respectively. The capacitor 
may be tied to 


either VEE or ground, but using VEE increases 
negative supply rejection. (Fluctuations 
in the 
negative supply have more effect on 
accuracy than do any changes in the positive 
supply.) 


A negative reference voltage may be used if 
R'4 is grounded and the reference voltage is 
applied to R,S as shown. A high input 
impedance is the main advantage 
of this 
method. The negative reference voltage must 
be atleast3.0V 
above the VEE supply. 
Bipolar input signals may be handled by 
connecting 
R'4 to a positive reference 


voltage equal to the peak positive input level 
at Pin 15. 


When using a DC reference voltage, 
capacitive bypass to ground is 
recommended. 
The 5.0V logic supply is not 
recommended 
as a reference voltage, but if a 
well regulated 5.0V supply which drives logic 
is to be used as the reference, R'4 should be 
formed of two series resistors with the 
junction of the two resistors bypassed with 
0.1 flF to ground. For reference voltages 
greater than 5.0V, a clamp diode is 
recommended 
between Pin 14 and ground. 


If Pin 14 is driven by a high impedance such 
as a transistor current source, none of the 
above compensation 
methods applies and 
the amplifier must be heavily compensated, 
decreasing 
the overall bandwidth. 


Output Voltage Range 
The voltage at Pin 4 must always be at least 
4.5V more positive than the voltage of the 
negative supply (Pin 3) when the reference 
current is 2mA or less, and at least av more 
positive than the negative supply when the 
reference current is between 2mA and 4mA. 
This is necessary to avoid saturation of the 
output transistors, which would cause serious 
accuracy degradation. 


Output Current Range 
Any time the full-scale current exceeds 2mA, 
the negative supply must be atleastaV 
more 


negative than the output voltage. This is due 
to the increased internal voltage drops 
between the negative supply and the outputs 
with higher reference currents. 


Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its 
intended value, and is dependent upon 
relative accuracy, full-scale accuracy and 
full-scale current drift. Relative accuracy is 
the measure of each output current level as a 
fraction of the full-scale current after 
zero-scale current has been nulled out. The 
relative accuracy of the DACOa series is 
essentially constant over the operating 
temperature 
range due to the excellent 


temperature 
tracking of the monolithic 


resistor ladder. The reference current may 
drift with temperature, 
causing a change in 
the absolute accuracy of output current. 
However, the DACOa series has a very low 


full-scale current drift over the operating 
temperature 
range. 


The DAcoa series is guaranteed 
accurate to 


within ± LSB at +25°C at a full-scale output 
current of 1.992mA. The relative accuracy 
test circuit is shown in Figure 1. The 12-bit 
converter is calibrated to a full-scale output 
current of 1.99219mA, then the DACOa 
full-scale current is trimmed to the same 
value with R'4 so that a zero value appears 
at the error amplifier output. The counter is 
activated and the error band may be 
displayed on the oscilloscope, 
detected by 


comparators, 
or stored in a peak detector. 


Two a-bit D-to-A converters 
may not be used 
to construct a 16-bit accurate D-to-A 
converter. 16-bit accuracy implies a total of ± 
part in 65,536, or ±O.OO076%, which is much 
more accurate than the ±O.19% specification 
of the DACOa series. 


Monotonlclty 
A monotonic converter is one which always 
provides analog output greater than or equal 
to the preceding value for a corresponding 
increment in the digital input code. The 
DAcoa 
series is monotonic for all values of 


reference current above 0.5mA. The 
recommended 
range for operation is a DC 


reference current between 0.5mA and 4.0mA. 


Settling Time 
The worst-case 
switching condition occurs 


when all bits are switched on, which 
corresponds 
to a low-to-high transition for all 


input bits. This time is typically 70ns for 
settling to within 
LSB for a-bit accuracy. This 


time applies when RL<soon 
and Co<25pF. 


The slowest single switch is the least 
significant bit, which typically turns on and 
settles in 65ns. In applications 
where the 


DAC functions in a positive-going 
ramp 


mode, the worst-case 
condition does not 


occur and settling times less than 70ns may 
be realized. 


Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, 100flF supply 
bypassing for low frequencies, 
minimum 


scope lead length, and avoidance 
of ground 
loops are all mandatory. 


NOTES: 
01. 
02 
• lN6263 
or equivalent 
03 
- 
IN914 
or equivalent 
C, - O.Ol~F 
C2' C3- O,'~F 
0, 
- 2N3904 
C4' Cs • 15pF and Includes 
all probe and fixturlng capacitance. 


NOTES: 


+ VREF 
255 
'FS 
- 
RREF 
x 256 ; '0 + '0 • 'FS 
for 
aU logic 
slates 


v+~v- 


RS = 20kl1 


NOTES: 
R1·lowT.C. 
R3-R, 
+ R2 


R2 .0.1 
Rl 
to ninlmize 
pot. contribution 
to fun-scale 
drift 


81 
82 
83 
84 
85 
86 
87 
8S 
Your 
Your 


PositIve full-scate 
1 
1 
1 
1 
1 
1 
1 
1 
-9.920V 
+10.000 


Positive FS - 1LSB 
1 
1 
1 
1 
1 
1 
1 
0 
-9.840V 
+9.920 


+ Zero-scale 
+ 1LSB 
1 
0 
0 
0 
0 
0 
0 
1 
-a.OBOV 
+0.160 


Zero-scale 
1 
0 
0 
0 
0 
0 
0 
0 
0.000 
+0.080 


Zero-scale 
- 1LSB 
0 
1 
1 
1 
1 
1 
1 
1 
0.080 
0.000 


Negative full scale - 1LS 
0 
0 
0 
0 
0 
0 
0 
1 
+9.920 
-9.840 


Negative full scale 
0 
0 
0 
0 
0 
0 
0 
0 
+ 10.000 
-9.920 


DESCRIPTION 
The MC 150B/MC 1408 series of B-bit 
monolithic digital-to-analog 
converters 
provide high-speed 
performance with low 


cost. 
They are designed for use where the 
output current is a linear product of an B-bit 
digital word and an analog reference voltage 


FEATURES 


• Fast settling time - 
70ns (typ) 


• Relative accuracy ±0.19% (max error) 


• Non-inverting 
digital inputs are TIL 
and 


CMOS compatible 


• High-speed 
multiplying rate 4.0mAlflS 
(input slew) 


• Output voltage swing _0.5V to -5.0V 


• Standard supply voltages +5.0V and -5.0V 


to-15V 


• Military qualifications 
pending 


• Tracking A-to-D converters 


• 2 1/2-digit panel meters and DVMs 


• Waveform synthesis 


• Sample-and-Hold 


• Peak detector 


• Programmable 
gain and attenuation 


• CRT character generation 


• Audio digitizing and decoding 


• Programmable 
power supplies 


• Analog-digital 
multiplication 


• Digital-digital multiplication 


• Analog-digital 
division 


• Digital addition and subtraction 


• Speech compression 
and expansion 


• Stepping motor drive modems 


• servo motor and pen drivers 


CIRCUIT 
DESCRIPTION 
The MC150B/MC140B consists of a reference 
current amplifier, an R-2R ladder, and B 
high-speed current switches. 
For many 
applications, 
only a reference resistor and 
reference voltage need be added. 


The switches are non-inverting 
in operation; 
therefore, a high state on the input turns on 
the specified output current component. 


The switch uses current steering for high 
speed, and a termination amplifier consisting 
of an active load gain stage with unity gain 
feedback. 
The termination amplifier holds the 


parasitic capacitance 
of the ladder at a 
constant voltage during switching, and 
provides a low impedance termination 
of 


equal voltage for all legs of the ladder. 


The R-2R ladder divides the reference 
amplifier current into binarily-related 
components, 
which are fed to the remainder 


current which is equal to the least significant 
bit. This current is shunted to ground, and 
the maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for a 
2.0mA reference amplifier current if the NPN 
current source pair is perfectly matched. 
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VREF 
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14 
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H 


VREF 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Cerdip 
-55°C to +125°C 
MC1508-8F 


16-Pin Plastic DIP 
o to +70°C 
MC1408-8N 


16-Pin SO 
o to +70°C 
MC1408-8D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Positive power supply voltage 
+5.5 
V 


VEE 
Negative power supply voltage 
-16.5 
V 


Vs - V12 
Digital input voltage 
o to Vcc 
V 


Vo 
Applied output voltage 
-5.2 to +18 
V 


114 
Reference current 
5.0 
mA 


V14. V,s 
Reference amplifier inputs 
VEE to Vcc 


Po 
Maximum power dissipation, 


TA = 25°C (still-air)' 


F package 
1190 
mW 


N package 
1450 
mW 


D package 
1080 
mW 


TSOLD 
Lead soldering temperature 
(10 see) 
300 
°C 


TA 
Operating temperature 
range 
300 
°C 


MC1508 
-55 to +125 
°C 


MC1408 
o to +75 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


NOTES: 
1. 
Derate above 25°C, at the following rates: 
F package at 9.5mW/oC 
N package at 11.6mWfOC 
D package at 8.6mWfOC 


DC ELECTRICAL CHARACTERISTICS 
Pin 3 must be 3V more negative than the potential to which R15 is returned. 
Vcc = +5.0Voc. VEE = -15Voc, 
VREFiR14 = 2.0mA unless otherwise 
specified. 
MC1508: 
TA =-55°C 
to 125°C. 
MC1408: 
TA=O°Cto 
75°C, unless otherwise 
noted. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MC1S08-8 
MC1408-8 
UNIT 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Er 
Relative accuracy 
Error relative to full-scale 
±O.19 
±O.19 
% 
10, Figure 3 


To within 1/2 LSS, 


ts 
Settling time 1 
includes lpLH, TA = +25°C, 
70 
70 
ns 


Figure 4 


Propagation 
delay time 
tpLH 
Low-to-High 
TA = +25°C, Figure 4 
35 
100 
35 
100 
ns 


tpHL 
High-to-Low 


TClo 
Output full-scale current drift 
-20 
-20 
ppmfOC 


Digital input logic level (MSS) 
VIH 
High 
Figure 5 
2.0 
2.0 
Voc 
VIL 
Low 
0.8 
0.8 


Digital input current (MSS) 
Figure 5 
IIH 
High 
VIH = 5.0V 
0 
0.04 
0 
0.04 
mA 


IlL 
Low 
VIL = 0.8V 
-{J.4 
-{J.8 
-{J.4 
-{J.8 


115 
Reference input bias current 
Pin 15, Figure 5 
-1.0 
-5.0 
-1.0 
-5.0 
I1A 


Figure 5 


lOR 
Output current range 
VEE = -5.0V 
0 
2.0 
2.1 
0 
2.0 
2.1 
mA 


VEE = -7.0V 
to -15V 
0 
2.0 
4.2 
0 
2.0 
4.2 


10 
Output current 
Figure 5 
VREF= 2.000V, 
1.9 
1.99 
2.1 
1.9 
1.99 
2.1 
mA 


R14 = 1000Q 
10(••.•n) 
Off-state 
All bits low 
0 
4.0 
0 
4.0 
I1A 


E,5:0.19% 
at 
TA = +25°C, Figure 5 


Vo 
Output voltage compliance 
VEE =-5V 
-{J.6 
-{J.55, 
-{J.6 
-{J.55, 
Voc 
+10 
+0.5 
+10 
+0.5 


VEE below -10V 
-5.5, 
-5.0, 
-5.5, 
-5.0, 


+10 
+0.5 
+10 
+0.5 


SRIREF 
Reference current slew rate 
Figure 6 
8.0 
8.0 
mAillS 


PSRR{-) 
Output current power supply 
IREF= 1mA 
0.5 
2.7 
0.5 
2.7 
!J.AIV 
sensitivity 


Power supply current 


Icc 
Positive 
All bits low, Figure 5 
+2.5 
+22 
+2.5 
+22 
mA 


lEE 
Negative 
~.5 
-13 
~.5 
-13 


Power supply voltage range 
VCCR 
Positive 
TA = +25°C, Figure 5 
+4.5 
+5.0 
+5.5 
+4.5 
+5.0 
+5.5 
Voc 


VEER 
Negative 
-4.5 
-15 
-16.5 
-4.5 
15 
16.5 


All bits low. Figure 5 
Po 
Power dissipation 
VEE = -S.OVoc 
34 
170 
34 
170 
mW 


VEE - -15.0Voc 
110 
305 
110 
305 


TYPICAL PERFORMANCE 
CHARACTERISTICS 
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Reference Amplifier Drive and 
Compensation 
The reference amplifier input current must 
always flow into Pin 14. regardless of the 
setup method or reference supply voltage 
polarity. 


Connections 
for a positive reference voltage 


are shown in Figure 1. The reference voltage 
source supplies the full reference current. 
For bipolar reference signals, as in the 
multiplying mode, R,s can be tied to a 
negative voltage corresponding 
to the 
minimum input level. 
R1S may be eliminated 
and Pin 15 grounded, with only a small 
sacrifice in accuracy and temperature 
drift. 


The compensation 
capacitor value must be 
increased with increasing values of R1• to 
maintain proper phase margin. 
For R,• 


values of 1.0, 2.5, and 5.0k.Q, minimum 
capacitor values are 15,37, 
and 75pF. The 


capacitor may be tied to either VEEor ground, 
but using VEEincreases negative supply 
rejection. 
(Fluctuations 
in the negative 
supply have more effect on accuracy than do 
any changes in the positive supply.) 


A negative reference voltage may be used if 
R,. is grounded and the reference voltage is 
applied to R,s, as shown in Figure 2. A high 
input impedance 
is the main advantage 
of 
this method. 
The negative reference voltage 
must be at least 3.0V above the VEE supply. 
Bipolar input signals may be handled by 
connecting 
R1• to a positive reference 
voltage equal to the peak positive input level 
at Pin 15. 


Capacitive bypass to ground is recommended 
when a DC reference voltage is used. 
The 


5.0V logic supply is not recommended 
as a 


reference voltage, but if a well regulated 5.0V 
supply which drives logic is to be used as the 
reference, R,• should be formed of two series 
resistors and the junction of the two resistors 
bypassed with 0.1 jlF to ground. 
For 
reference voltages greater than 5.0V, a clamp 
diode is recommend€'d between Pin 14 and 
ground . 


If Pin 14 is driven by a high impedance such 
as a transistor current source, none of the 
above compensation 
methods apply and the 
amplifier must be heavily compensated, 
decreasing the overall bandwidth. 


Output Voltage Range 
The voltage at Pin 4 must always be at least 
4.5V more positive than the voltage of the 
negative supply (Pin :I) when the reference 
current is 2mA or less, and at least SV more 
positive than the negative supply when the 
reference current is between 2mA and 4mA. 
This is necessary to avoid saturation of the 
output transistors, which would cause serious 
degradation of accuracy. 


Signetics MC150S/MG140S does not need a 
range control becaUSHthe design extends the 
compliance 
range down to 4.5V (or SV - 
see 
above) above the negative supply voltage 
without significant dewadation 
of accuracy. 
Signetics MC 150S/MG 140S can be used in 
sockets designed for mher manufacturers' 
MC lS08lMC 140S without circuit modification. 


Output Current Bange 
Any time the full-scale current exceeds 2mA, 
the negative supply must be atleastSV 
more 
negative than the output voltage. 
This is due 
to the increased internal voltage drops 
between the negative supply and the outputs 
with higher reference currents. 


Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its 
intended value, and is dependent upon 
relative accuracy, full-scale accuracy and 
full-scale current drift. 
Relative accuracy is 
the measure of each output current level as a 
fraction of the full-scal,e current after 
zero-scale current has been nulled out. The 
relative accuracy of the MC lS08lMC 140S is 
essentially constant over the operating 
temperature 
range because of the excellent 
temperature 
tracking of the monolithic 
resistor ladder. The reference current may 
drift with temperature, 
causing a change in 
the absolute accuracy of output current; 


however, the MC150S/MC140S 
has a very 
low full-scale current drift over the operating 
temperature 
range. 


The MC150S/MC140S 
series is guaranteed 
accurate to within ±1/2LSB at +25°C at a 
full-scale output current of 1.99mA. 
The 


relative accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated to 
a full-scale output current of 1.99219mA; then 
the MC 150S/MC 140S's full-scale current is 
trimmed to the same value with R,. so that a 
zero value appears at the error amplifier 
output. 
The counter is activated and the error 


band may be displayed on the oscilloscope, 
detected by comparators, 
or stored in a peak 


detector. 


Two S-bit D-to-A converters 
may not be used 
to construct a 16-bit accurate D-to-A 
converter. 
16-bit accuracy implies a total of 
±1/2 part in 65,536, or ±O.OOO76%,which is 
much more accurate than the ±O.19% 
specification 
of the MC lS08lMC 140S. 


Monotonlclty 
A monotonic converter is one which always 
provides an analog output greater than or 
equal to the preceding value for a 
corresponding 
increment in the digital input 
code. 
The MC 150S/MC 140S is monotonic for 


all values of reference current above 0.5mA. 
The recommended 
range for operation is a 
DC reference current between 0.5mA and 
4.0mA. 


Settling Time 
The worst case switching condition occurs 
when all bits are switched on, which 
corresponds 
to a low-to-high transition for all 
input bits. This time is typically 70ns for 
settling to within 1/2LSB for S-bit accuracy. 
This time applies when RL < soon and Co < 
25pF. The slowest single switch is the least 
significant bit, which typically turns on and 
settles in 65ns. 
In applications 
where the 


D-to-A converter functions in a positive going 
ramp mode, the worst-case 
condition does 
not occur and settling times less than 70ns 
may be realized. 


Extra care must be taken in board layout 
since this usually is the dominant factor in 
satisfactory test results when measuring 
settling time. 
Short leads, l00jlF 
supply 


bypassing for low frequencies, 
minimum 


scope lead length, good ground planes, and 
avoidance of ground loops are all mandatory. 
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Figure 3. Relative Accuracy 
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SLEWING TIME 


Philips 
Semiconductors-Signetics 
Linear 
Products 


MC3410, 
MC3410C 


DESCRIPTION 
The MC341 0 series are 1O-bit Multiplying 
Digital-to-Analog 
Converters. 
They are 
capable of high-speed 
performance, 
and are 
used as general-purpose 
building blocks in 
cost-effective 
D/A systems. 


The Signetics' design provides complete 
10-bit accuracy without laser trimming, and 
guaranteed 
monotonicity 
over temperature. 
Segmented 
current sources, in conjunction 
with an R-2R DAC provides the binary 
weighted currents. The output buffer amplifier 
and voltage reference have been omitted to 
allow greater speed, lower cost, and 
maximum user flexibility. 


• Wide output voltage compliance 
range 


• High-speed multiplying input slew 


rate-20mNl1s 


• Reference amplifier internally-compensated 


• Successive approximation 
ND converters 


• High-speed, automatic test equipment 


• High-speed 
modems 


• Waveform generators 


• CRT displays 


• Strip CHART and X-V plotters 


• Programmable 
power supplies 


• Programmable 
gain and allenuation 


• 1O-bit resolution and accuracy (±O.05%) 


• Guaranteed 
monotonicity over temperature 


• Fast settling time-250ns 
typical 


• Digital inputs are TIL and CMOS 
compatible 


VREF 
+ 


VREF 
- 


vcc 


DlO (lSB) 


Dg 


MC3410, 
MC3410C 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Cerdip 
o to +70°C 
MC3410F 


16-Pin Cerdip 
o to +70°C 
MC3410CF 


ABSOLUTE 
MAXIMUM 
RATINGS 
TA=+25°C unless otherwise 
noted 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Power supply 
+7.0 
Voc 


VEE 
-18 
VDC 


VI 
Digital input voltage 
+15 
Voc 


Va 
Applied output voltage 
0.5, -5.0 
Voc 


IREF(16) 
Reference current 
2.5 
mA 


VREF 
Reference amplifier inputs 
Vcc, VEE 
VDC 


VREF(D) 
Reference amplifier differential inputs 
0.7 
Voc 


TA 
Operating 
ambient temperature 
range 
o t,) +70 
°C 
MC3410, 3410C 


TJ 
Junction temperature, 
ceramic 
package 
+150 
°C 


PD 
Maximum power dissipation, 


TA=25°C (still-air) 1 


F package 
1190 
mW 


NOTES: 
1. 
Derate above 25°C, at the following rates: 


F package at 9.5mW/oC 


MC3410, 
MC3410C 


ELECTRICAL CHARACTERISTICS 


Vcc=+5.0VDC, 
VEE=-15DC, 
VREF 
=2.0mA, all digital inputs at high logic level. 
MC341 0 Series: TA=O°C to +70°C, uniess otherwise noted. 
Ri6 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MC3410 
MC3410C 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


E, 
Relative accuracy 
TA=25°C 
±0.05 
±0.1 
% 


(error relative to full-scale 
10) 


1/4 
1/2 
LSB 


TCE, 
Relative accuracy drift 
2.5 
2.5 
ppm/oC 
(relative to full-scale 10) 


Monotonicity 
Over temperature 
10 
10 
Bits 


ts 
Settling time to within ± LSB 
TA=25°C 
250 
250 
ns 
(all bits LOW-to-HIGH) 


lpLH 
Propagation 
delay time 
TA=25°C 
35 
35 
lpHL 
20 
20 
ns 


TClo 
Output full scale current drift 
60 
70 
ppm/oC 


Digital input logic levels (all bits) 
V1H 
HIGH-level, 
Logic "1" 
2.0 
2.0 
VDC 


LOW-level, 
Logic "0" 
0.8 
0.8 


Digital input current (all bits) 


IIH 
HIGH-level, 
VIH=5.5V 
+.04 
-0.05 
+.04 
mA 


IlL 
LOW-level, 
VIL=0.8V 
-0.05 
-0.4 
-0.4 


IREF(15) 
Reference input bias current (Pin 15) 
-1.0 
-5.0 
-1.0 
-5.0 
flA 


lOR 
Output current range 
4.0 
5.0 
4.0 
5.0 
mA 


10H 
Output current (all bits high) 
VREF=2.0ooV, 
3.8 
3.996 
4.2 
3.8 
3.996 
4.2 
mA 
R16=1000Q 


IOL 
Output current (all bits low) 
TA=25°C 
0 
2.0 
0 
4.0 
flA 


Vo 
Output voltage compliance 
TA=25°C 
-2.5 
-2.5 


VDC 
+0.2 
+0.2 


SR IREF 
Reference amplifier slew rate 
20 
20 
mAills 


ST IREF 
Reference amplifier settling time 
o to 4.0mA, ±D.1% 
2.0 
2.0 
Ils 


PSRR(-) 
Output current power supply sensitivity 
0.003 
0.01 
0.003 
0.02 
%/0/0 


Co 
Output capacitance 
Vo=O 
25 
25 
pF 


C1 
Digital input capacitance 
4.0 
4.0 
pF 
(all bits high) 


Ice 
Power supply current 
+18 
+18 


lEE 
(all bits low) 
-11.4 
-20 
-11.4 
-20 
mA 


Vee 
Power supply voltage range 
TA=25°C 
+4.75 
+5.0 
+5.25 
+4.75 
+5.0 
+5.25 
Voe 


VEE 
-14.2 
-15 
-15.7 
-14.2 
-15 
-15.7 


Power consumption 
(all bits low) 
220 
380 
220 
380 
mW 
(all bits high) 
200 
200 


MC3410, 
MC3410C 
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MC3410, 
MC3410C 


CIRCUIT DESCRIPTION 
The MC341 0 consists of four segment 
current sources which generate the two most 
significant bits (MSBs), and an R-2R DAC 
implemented 
with ion-implanted 
resistors for 
scaling the remaining eight least significant 
bits (LSBs) (See Figure 5). This approach 
provides complete 
10-bit accuracy without 
trimming. 


The individual bit currents are switched ON or 
OFF by fully differential current switches. The 
switches use current steering for speed. 


An on-chip high-slew reference current 
amplifier drives the R-2R ladder and segment 
decoder. The currents are scaled in such a 
way that, with all bits on, the maximum output 
current is two times 1023/1024 of the 
reference amplifier current, or nominally 
3.996mA for a 2.000mA reference input 
current. The reference amplifier allows the 
user to provide a voltage input. Out-board 
resistor R 
' 
6 (see Figure 6) converts this 
voltage to a usable current. A current mirror 
doubles this reference current and feeds it to 
the segment decoder and resistor ladder. 


Thus, for a reference voltage of 2.0V and a 
1kQ resistor tied to Pin 16, the full-scale 
current is approximately 
4.0mA. This 


relationship will remain regardless of the 
reference voltage polarity. 


Connections 
for a positive reference voltage 
are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the mUltiplying 
mode, R'5 can be tied to a negative voltage 
corresponding 
to the minimum input level. For 
a negative reference input, R'6 should be 
grounded (Figure 6b). In addition, the 
negative voltage reference must be at least 
3V above the VEEsupply voltage for best 
operation. Bipolar input signals may be 
handled by connecting 
R'6 to a positive 


voltage equal to the peak positive input level 
at Pin 15. 


When a DC reference voltage is used, 
capacitive bypass to ground is 
recommended. 
The 5V logic supply is not 


recommended 
as a reference voltage. If a 


well regulated 5.0V supply, which drives logic, 
is to be used as the reference, R'6 should be 


decoupled by connecting 
it to the +5.0V logic 


supply through another resistor and 
bypassing the junction of the two resistors 
with a 0.111Fcapacitor to ground. 


The reference amplifier is 
internally-compensated 
with a 10pF 
feed-forward 
capacitor, which gives it its high 


slew rate and fast settling time. Proper phase 
margin is maintained with all possible values 
of R'6 and reference voltages which supply 
2.0mA reference current into Pin 16. The 
reference current can also be supplied by a 
high impedance current source of 2.0mA. As 
R'6 increases, the bandwidth of the amplifier 
decreases 
slightly and settling time 
increases. 
For a current source with a 


dynamic output impedance of 1.0MQ, the 
bandwidth of the reference amplifier is 
approximately 
half what it is in the case of 


R16~1.0kQ, and settling time is = 1OILS. The 
reference amplifier phase margin decreases 
as the current source value decreases 
in the 


case of a current source reference, so that 
the minimum reference current supplied from 
a current source is O.5mA for stability. 


MC3410, 
MC3410C 
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OUTPUT 
VOLTAGE 
COMPLIANCE 


The output voltage compliance 
ranges from 


-2.5 to +0.2V. As shown in Figure 2, this 
compliance 
range is nearly constant over 


temperature. 
At the temperature 
extremes, 


however, the compliance 
voltage may be 
reduced if VEE>-15V. 


ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its 
intended value. It is dependent 
upon relative 


accuracy and full-scale current drift. Relative 
accuracy, or linearity, is the measure of each 
output current with respect to its intended 
fraction of the full-scale current. The relative 
accuracy of the MC341 0 is fairly constant 
over temperature 
due to the excellent 


temperature 
tracking, of the implanted 


resistors. The full-scale current from the 
reference amplifier may drift with temperature 
causing a change in the absolute accuracy. 
However, the MC341 0 has a low full-scale 
current drift with temperature. 


The MC3410 are accurate to within ±O.05% 
at 25°C with a reference current of 2.0mA on 
Pin 16. 


MONOTONICITY 
The MC341 0 and MC341 OC are guaranteed 
monotonic over temperature. 
This means that 
for every increase in the input digital code, 
the output current either remains the same or 
increases but never decreases. 
In the 
multiplying mode, where reference input 
current will vary, monotonicity 
can be assured 
if the reference input current remains above 
0.5mA. 


SETTLING 
TIME 
The worst-case 
switching condition occurs 
when all bits are switched "on," which 
corresponds 
to a low-to-high transition for all 
bits. This time is typically 250ns for the output 
to settle to within ± LSB for 1O-bit accuracy, 
and 200ns for B-bit accuracy. The turn-off 
time is typically 120ns. These times apply 
when the output swing is limited to a small 
«0. lV) swing and the external output 
capacitance 
is under 25pF. 


The major carry (MSB off-to-on, all others 
on-to-off) settles in approximately 
the same 
time as when all bits are switched off-to-on. 


If a load resistor of 625n 
is connected 
to 
ground, allowing the output to swing to -2.5V, 
the settling time increases to 1.5~. 


Extra care must be taken in board layout as 
this is usually the dominant factor in 
satisfactory 
test results when measuring 
settling time. Short leads, 100•.••F supply 
bypassing, 
and minimum scope lead length 
are all necessary. 


A typical test setup for measuring 
settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a 500n load resistor RL. 
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DESCRIPTION 
The NE/SE5018/19 
is a complete 8-bit 
digital-to-analog 
converter subsystem on one 
monolithic chip. The data inputs have input 
latches which are controlled by a latch enable 
pin. The data and latch enable inputs are 
ultra-low loading for easy interfacing with all 
logic systems. The latches appear 
transparent when the IT input is in the low 
state. When IT goes high, the input data 
present at the moment of transition is latched 
and retained until IT again goes low. This 
feature allows easy compatibility 
with most 
microprocessors. 


The chip also comprises 
a stable voltage 
reference (5V nominal) and high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment 
of full-scale while 


maintaining 
a low temperature 
coefficient. 


The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 


(20)N~~~ 


(18) 
vOUT 


(21) 
c~~~ 


(22) ANALOG 
GND 


• Input latches 


• Low-loading data inputs 


• On-chip voltage reference 


• Output buffer amplifier 


• Accurate to ± LSB (0.19%) 


• Monotonic to 8 bits 


• Amplifier and reference both short-circuit 
protected 


• Compatible with 8085, 6800 and many oth- 
erftPs 


• Precision 8-bit D/A converters 


• AID converters 


• Programmable 
power supplies 


• Test equipment 


• Measuring instruments 


• Analog-digital 
multiplication 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


22-Pin Cerdip 
o to +70°C 
NE5018/5019F 


22-Pin Cerdip 
-55°C to +125'C 
SE5018/5019F 


22-Pin Plastic DIP 
Oto+70°C 
NE5018/5019N 


22-Pin Plastic DIP 
-55°C to +125°C 
SE5018/5019N 


24-Pin SOL Package 
Oto+70'C 
NE5018/5019D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc+ 
Positive supply voltage 
18 
V 


Vcc- 
Negative supply voltage 
-18 
V 


VIN 
Logic input voltage 
o to 18 
V 


VREFIN 
Voltage at VREFinput 
12 
V 


VREFADJ 
Voltage at VREFadjust 
o to VREF 
V 


VSUM 
Voltage at sum node 
12 
V 


IREFsc 
Short-circuit 
current to ground at VREFOUT 
Continuous 


IOUTSC 
Short-circuit 
current to ground or either supply at 
VOUT 
Continuous 


Po 
Maximum power dissipation, 
TA=25'C (still-air) 1 


F package 
1740 
mW 


N package 
2190 
mW 


D package 
1600 
mW 


TA 
Operating temperature 
range 


SE5018 
-55 to +125 
°C 


NE5018 
o to +70 
'C 


TSTG 
Storage temperature 
range 
-65 to +150 
'C 


TSOLO 
Lead soldering temperature 


(10 seconds) 
300 
'C 
NOTES: 
1. 
Derate above 25°C at the following rates: 
F package at 13.9mW/'C 
N package at 17.5mW/'C 
D package at 12.8mW/'C 


DC ELECTRICAL CHARACTERISTICS 
Vee+=+15V 
Vee-=-15V, SE5018. -55°CSTA,,;125°C, NE5018. 0°C,,;TA90°C, 
unless otherwise specified. 
' Typical values are specified at 25°C. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSE5018 
NElSE5019 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Resolution 
8 
8 
8 
8 
8 
8 
Bits 


Monotonicity 
8 
8 
8 
8 
8 
8 
Bits 


Relative accuracy 
±O.19 
±O.l 
%FS 


Vee+ 
Positive supply voltage 
11.4 
15 
11.4 
15 
V 


Vee- 
Negative supply voltage 
-11.4 
-15 
-11.4 
-15 
V 


VIN(l) 
Logic" 1" input voltage 
Pin l=OV 
2.0 
2.0 
V 


V1N(O) 
Logic "0" input voltage 
Pin l=OV 
0.8 
0.8 
V 


IIN(11 
Logic "1" input current 
Pin l=OV, 2V<V,N<18V 
0.1 
10 
0.1 
10 
lJA 


I,N(O) 
Logic "0" input current 
Pin l=OV, -5V<V1N<0.8V 
-2.0 
-10 
-2.0 
-10 
lJA 


VFS 
Full-scale output 
Unipolar mode, 
9.50 
10.5 
9.50 
10.5 
V 


VREF=5.oo0V, 


all bits high, TA=25°C 


+VFS 
Full-scale output 
Bipolar mode, VREF=5.0ooV 
4.75 
5.25 
4.75 
5.25 
V 


all bits high, TA=25°C 


-VFS 
Negative full scale 
Bipolar mode, VREF=5.0ooV, 
-4.75 
-5.25 
-4.75 
V 


-5.25 


all bits low, TA=25°C 


Vzs 
Zero-scale Output 
Unipolar mode, 
-30 
+30 
-30 
+30 
mV 


VREF=5.000V 


all bits low, TA=25°C 


109 
Output short circuit current 
TA=25°C 
15 
40 
15 
40 
mA 


VOUT=OV 


PSR+(oUT) 
Output power supply 
V-=-15V, 13.5VsV+";16.5V, 
0.001 
0.01 
0.001 
0.01 
%FS 
rejection (+) 
external VREFIN=5.000V 
%VS 


PSR-(ouTj 
Output power supply 
V+=-15V, -13.5VSV-";-16.5V, 
0.001 
0.01 
0.001 
0.01 
%FS 


rejection (-) 
%VS 
external VREFIN=5.000V 


TCFS 
Full-scale temperature 
VREFIN=5.0ooV 
20 
20 
ppml"C 
coefficient 


TCzs 
Zero-scale temperature 
coefficient 
5 
5 
ppm/oC 


IREF 
Reference output current 
3 
3 
mA 


IREFse 
Reference short circuit current 
TA=25°C 
15 
30 
15 
30 
mA 


VREFOUT=OV 


PSR+(REF) 
Reference power supply rejection 
V-=-15V, 13.5V";V+S16.5V, 
0.003 
0.01 
0.003 
0.01 
%VRI"/oVS 
(+) 
IREF=1.0mA 


PSR-(REF) 
Reference power supply rejection 
V+=-15V, -13.5V";V-";16.5V, 
0.003 
0.Q1 
0.003 
0.01 
%VRI"/oVS 
(-) 


VREF 
Reference voltage 
IREF=1.0mA TA=25°C 
4.9 
5.0 
5.25 
4.9 
5.0 
5.25 
V 


TCREF 
Reference voltage temperature 
co- 
IREF=1.0mA 
60 
60 
ppm/oC 
efficient 


ZIN 
DAC VREFINinput impedance 
IREF=1.0mA, TA=25°C 
4.15 
5.0 
585 
4.15 
5.0 
5.85 
kn 


lee+ 
Positive supply current 
Vee+=15V 
7 
14 
7 
14 
mA 


lee- 
Negative supply current 
Vee-=-15V 
-10 
-15 
-10 
-15 
mA 


PD 
Power dissipation 
IREF-l.0mA, 
Vee=±15V 
255 
435 
255 
435 
mW 


NOTES: 
1. 
Referto 
Figure 1. 


AC ELECTRICAL CHARACTERISTICS1 
Vee = ±15V, TA= 25°C 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDITIONS 
NEISES018119 
UNIT 


Mln 
Typ 
Max 


tSLH 
5ettling time 
±1/2LSB 
Input 
All bits low-to-high2 
1.8 
f1s 


lsHL 
5ettlingtime 
±1/2LSB 
Input 
All bits high-to-loWl 
2.3 
f1S 


lpLH 
Propagation delay 
Output 
Input 
All bits switched low-to-high2 
300 
ns 


lpHL 
Propagation delay 
Output 
Input 
All bits switched high-to-loWl 
150 
ns 


lpLSB 
Propagation delay 
Output 
Input 
1 LSB change2, 3 
150 
ns 


lpLH 
Propagation delay 
Output 
IT 
Low-to-high transition' 
300 
ns 


tpHL 
Propagation 
delay 
Output 
IT 
High-to-low transitionS 
150 
ns 


ts 
Setup time 
IT 
Input 
1,6 
100 
ns 


!H 
Hold time 
Input 
IT 
1.6 
50 
ns 


lpw 
Latch enable pulse width 
1.6 
150 
ns 


NOTES: 
1. 
Refer to Figure 2. 


2. 
See Figure 5. 
3. 
See Figure 6. 
4. 
See Figure 7. 
5. 
See Figure 8. 


6. 
See Figure 9. 
7. 
For reference currents>3mA, 
use of an external buffer is required. 
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DESCRIPTION 
The NE5020 is a microprocessor-compatible 
monolithic 
10-bit digital-to-analog 
converter 


subsystem. This device offers 10-bit 
resolution and ±O.1% accuracy and 
monotonicity 
guaranteed 
over full operating 
temperature 
range. 


Low loading latches, adjustable 
logic 
thresholds, and addressing 
capability allow 
the NE5020 to directly interface with most 
microprocessor- 
and logic-controlled 
systems. 


The NE5020 contains internal voltage 
reference, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling 
either unipolar or bipolar output values are 
included on a single monolithic chip. 


The result is a near minimum component 
count 1O-bit resolution DAC system. 


• Guaranteed monotonicity 
over operating 
range 


• ±O.1% relative accuracy 


• Unipolar (OV to +10V) and bipolar (± 5V) 
output range 


• Logic bus compatible 


• 5f's settling time 


• Precision 1Q-bit D/A converters 


• 1O-bit analog-to-digital 
converters 


• Programmable 
power supplies 


• Test equipment 


• Measurement 
instruments 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


24-Pin Cerdip 
o to 70°C 
NE5020F 


24-Pin Plastic DIP 
o to 70°C 
NE5020N 


(1) DIGITAL GND 


(21)+VCC~ 


VREF 
(15) OUT 
INT 


VREF 


(14)V~fi~ 


DIGITALGND 


DBO(LSB) 


081 
3 


4 ANALOG GND 


3 AMPCOMP 


2 SUM MODE 


1 VCC+ 


VOUT 


19 Vce- 
18 BIPOLAR 
OFFSETR 
17 +VREpN 


16 -VREpN 


15 VREFOUT 


14 VREFADJ 
13 [£2 


~~P 
(23) 


ANALOG (24) 
GND 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc' 
Positive supply voltage 
18 
V 


Vcc' 
Negative supply voltage 
-18 
V 


V1N 
Logic input voltage 
o to 18 
V 


VREFIN 
Voltage at +VREFinput 
12 
V 


VREFADJ 
Voltage at VREFadjust 
o to VREF 
V 


VSUM 
Voltage at sum node 
12 
V 


IREFSC 


Short-circuit 
current to ground at VREFOUT 
Continuous 


IOUTSC 


Short-circuit 
current to ground or either 
Continuous 
supply at VOUT 


Po 
Maximum power dissipation TA=25°C, 
(still-air)' 


F package 
2150 
mW 


N package 
2150 
mW 


TA 
Operating temperature 
range NE5020 
o to +70 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


TsoLD 


Lead soldering temperature 
300 
°C 
(10 sec. max) 


NOTES: 
1. 
Derate above 25°C at the following rates: 


F package at 17.2mW/oC 
N package at 17.2mW/oC 


DC ELECTRICAL CHARACTERISTICS 
Vcc+=+15V. 
Vcc-=-15V, 
0 ~TA~70°C. 
unless otherwise specified.' 
Typical values are specified at 25°C. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


Resolution 
10 
Bits 


Monotonicity 
10 
Bits 


Relative accuracy 
±C.1 
%FS 


Vcc• 
Positive supply voltage 
11.4 
15 
16.5 
V 


Vcc- 
Negative supply voltage 
-11.4 
-15 
-16.5 
V 


VIN(1) 
Logic "1" input voltage 
Pin 1=OV 
2.0 
V 


VINIO) 
Logic "0" input voltage 
Pin 1=OV 
0.8 
V 


liNt') 
Logic "1" input current 
Pin 1=OV, 2<V1N<18V 
0.1 
10 
flA 


IINtO) 
Logic "0" input current 
Pin 1=OV,-5V<VIN<0.8V 
-2.0 
-10 
flA 


VFS 
Full-scale output 
Unipolar mode, VREF=5.000V, all bits high, 
9.5 
10.5 
V 
TA=25°C 


+VFS 
Full-scale output 
Bipolar mode, VREF=5.oo0V, all bits high, TA=25°C 
4.75 
5.25 
V 


-VFS 
Negative full-scale 
Bipolar mode, VREF-5.000V, all bits low, TA-25°C 
-5.25 
-4.75 
V 
NOTES: 
1. 
Referto 
Figure 1. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Vzs 
Zero-scale output 
Unipolar mode, VREF-5.000V, all bits low, TA-25°C 
-30 
+30 
mV 


los 
Output short-circuit current 
TA=25°C 
±15 
±40 
mA 


VOUT=OV 


PSR+(oUT) 
Output power supply rejection (+) 
V-=-15V. 13.5VsV+s16.5V, 
external 
0.001 
0.01 
%FSI 


VREFIN=5.0ooV 
%VS 


PSR-(ouT) 
Output power supply rejection (-) 
V+=15V. -13.5VsV-s-16.5V, 
external 
0.001 
0.01 
%FSI 


VREFIN=5.000V 
%VS 


TCFS 
Full-scale temperature 
coefficient 
VREFIN=5.0ooV 
20 
ppmFS 
1°C 


TCzs 
Zero-scale temperature 
coefficient 
5 
ppmFSI"C 


IREF2 
Reference output current 
3 
mA 


IREFSC 
Reference short circuit current 
TA=25°C 
15 
30 
mA 


VREFOUT=OV 


PSR+REF 
Reference power supply rejection 
V-=-15V, 13.5VsV+S16.5V, 
IREF=1.0mA 
.003 
.01 
%VRI 


(+) 
%VS 


PSR-REF 
Reference power supply rejection 
V+=15V, -13.5VSV-S16.5V, 
.003 
.01 
%VRI 
(-) 
%VS 


VREF 
Reference voltage 
IREF=1.0mA. TA=25°C 
4.9 
5.0 
5.25 
V 


TCREF 
Reference voltage temperature 
IREF=1.0mA 
60 
ppmfOC 
coefficient 


ZIN 
DAC VREFINinput impedance 
IREF=1.0mA 
5.0 
kQ 


Icc+ 
Positive supply current 
Vcc+=15V 
7 
14 
mA 


Icc- 
Negative supply current 
Vcc-=-15V 
-10 
-15 
mA 


PD 
Power dissipation 
IREF=1.0mA, Vcc=+15V 
255 
435 
mW 


NOTES: 
1. 
Refer to Figure 1. 
2. 
For IREFOUTgreater than 3mA. an external buffer is required. 


AC ELECTRICAL CHARACTERISTICS1 
Vcc=+15V, 
TA=25°C. 


SYMBOL 
PARAMETER 
TO 
FROM 
TEST CONDITIONS 
LIMITS 
UNIT 


Mln 
Typ 
Max 


tSLH 
Settling time 
±1/2LSB 
Input 
All bits low-to-high2 
5 
Its 


tSHL 
Settling time 
±1/2LSB 
Input 
All bits high-to-low3 
5 
its 


tpLH 
Propagation 
delay 
Output 
Input 
All bits switched low-to-high2 
30 
ns 


tpHL 
Propagation delay 
Output 
Input 
All bits switched high-to-low3 
150 
ns 


lpLSB 
Propagation delay 
Output 
Input 
1 LSB change2,3 
150 
ns 
lpLH 
Propagation delay 
Output 
IT 
Low-tO-high transition4 
300 
ns 
lpHL 
Propagation delay 
Output 
IT 
High-to-low transitionS 
150 
ns 
Is 
Set-up time 
IT 
Input 
1,6 
100 
ns 


tH 
Hold time 
Input 
IT 
1,6 
50 
ns 
tpw 
Latch enable pulse width 
1,6 
150 
ns 


NOTES: 
1. 
Refer to Figure 2. 


2. 
See Figure 5. 


3. 
See Figure 6. 
4. 
See Figure 7. 


5. 
See Figure 8. 


6. 
See Figure 9. 
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CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, appliication 
resistors, and a scaled output voltage in 
addition to the basic DAC components 
(see 
Block Diagram). 


Latch Circuit 
Digital interlace iwth the NE5020 is readily 
accomplished 
through the use of two latch 
enable ports (IT1 
and IT2) 
and ten data input 
latches. 
IT2 
controls the two most significant 
bits of data (DB9 and DB8) while IT, controls 
the eight lesser significant bits (DB7 through 
DBo). Both the latch enable ports (IT) 
and 
the data inputs are static- and 
threshold-sensitive. 
When the latch enable 
ports (IT) 
are high (Logic '1') the data inputs 
become very high impedances 
and 
essentially disappear from the data bus. 
Addressing 
the IT with a low static (Logic 


'0'), the latches become active and adapt the 
logic states present on the data bus. 
During 
this state, the output of the DAC will change 
to the value proportional 
to the data bus 
value. 
When the latch enable returns to a 
high state, the selected set of data inputs 
(Le., depending 
on which IT goes high) 


'memorizes' 
the data bus logic states and the 
output changes to the unique output value 
corresponding 
to the binary word in the latch. 


VTH = VPlN, + '.4V 


+'5V CMOS, HTl., HNil 


VTH=+7.8V 


PMOS 


VTH=ov 


+'2VTO+'} 
If'5V 
,Okn 
8.,kn 


PIN' 
PIN' 


6.2V 
6.2kn IO,'~F 
ZENER 


-= 
':'" -= 


-5VTO-,OV 
, 


NOTE: DO NOT EXCEED NEGATIVE 


lOGIC INPUT RANGE OF DAC 


+'OVCMOS 


VTH :+9.0V 


'Ok ECl 


VTH·-,·211V 


- - - 


DB 
8 
8 
7 
6 
5 
4 
3 
2 , 
0 


MSB 
lSB 


[E2 
-- q 


[E, 
LATCHES 
I 


I 
I 


I 


DAC 
OUTPUT 


The data inputs are inactive and high 
impedance (typically requiring -2flA for low 
(0.8V max) or 0.1flA for high (2.0V min) when 
the IT is high. Any changes on the data bus 
with IT 
high will have no effect on the DAC 
output. 


The digital logic inputs (IT 
and DB) for the 
NE5020 utilize a differential input logic 
system with a threshold level of + 1.4V with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 10 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 


To be compatible 
with a bus-<lriented system, 
the DAC should respond in as short a period 
as possible to insure full utilization of the 
microprocessor, 
controller and 1/0 control 
lines. 
Figure 9 shows the typical timing 


requirements 
of the latch and data lines. This 
figure indicates that data on the data bus 
should be stable for at least SOns after IT 
is 
changed to a high state. 


The independent 
IT 
(IT1 
and IT2) 
lines 
allow for direct interface from an 8-bit bus 
(see Figure 11). Data for the two MSBs is 
supplied and stored when IT2 
is activated 


low and returned high according to the 
NES020 timing requirements. 
Then IT, is 


activated low and the remaining eight LSBs 
of data are transferred 
into the DAC. 
With 
IT, returning high, the loading of 1D-bit data 
word from an 8-bit data bus is complete. 


Occasionally 
the analog output must change 


to its data value within one data address 
operation. 
This is no problem using the 
NES020 on a 16-bit bus or any other data bus 
with 10 or greater data bits. 


This can be accomplished 
from an 8-bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. 
Figure 12 
shows the circuit configuration. 


After preloading 
(via IT 
preload) the external 
latch with the two MSB values, IT2 
is 
activated low and the eight LSBs and the two 
MSBs are concurrently 
loaded into the DAC 
in one address operation. 
This permits the 
DAC output to make its appropriate 
change 
atone 
time. 


Reference 
Interface 
The NE5020 contains an internal bandgap 
voltage reference which is designed to have a 
very low temperature 
coefficient and excellent 


long-term stability characteristics. 


BIPOLAR 
OFFSET 
(18) 
JUMPER 
FOR 
BIPOLAR 
OPERAnoN 
SUM 
NOOE(22) 


10 
OAC 


-- 
R 
FROM 
CURRENT 
SWITCHES 


The internal bandgap reference (1.23V) is 
buffered and amplified to provide the 5V 
reference output. 
Providing a VREFADJ (Pin 
14) allows trimming of the reference output. 
Utilization of the adjust circuit shown in 
Figure 15 performs not only VREFadjustment, 
but also full-scale output adjust. 
Notice that 
the VREFADJ pin is essentially the sum node 
of an op amp and is sensitive to excessive 
node capacitance. 
Any capacitance 
on the 


node can be minimized by placing the 
external resistors as close as possible to the 
VREFADJ pin and observing good layout 


practices. 


The VREFOUT node can drive loads greater 
than the DAC VREFinput requirements 
and 
can be used as an excellent system voltage 
reference. 
However, to minimize load effects 


on the DAC system accuracy, it is 
recommended 
that a buffer amplifier be used. 


Input Amplifier 
The DAC reference amplifier is a high gain 
internally-compensated 
op amp used to 


convert the input reference voltage to a 


precision bias current for the DAC ladder 
network. 


The Block Diagram details the input 
reference amplifier and current ladder. 
The 
voltage-to-current 
converter of the DAC amp 


will generate a 1mA reference current 
through OR with a 5V VREF. This current 
sets the input bias to the ladder network. 
Data bit 9 (DB9)(09), 
when turned on, will 


mirror this current and will contribute 
1mA to 
the output. 
DB8 (08) will contribute 
1/2 of 
that value or 0.5mA, and so on. These 
current values act as current sinks and will 
add at the sum node to produce a DAC 
ladder to sum node function of: 


lOUT = 2 V REF 
(DB9 
+ DB8 
+ DErl 
RREF 
2 
4 
8 
+ 


DB6 
--,-s 


DB2 


256 


DB5 
DB4 
DBJ 
+32' 
+64 
+128 
+ 


DBl 
DB:)) 


+ 5i2 + 1024 


Because of the fixed internal compensation 
of 
the reference amp, the slew rate is limited to 
typically 0.7V/flS and source impedance at 
the VREFINPUTgreater than 5kQ should be 
avoided to maintain stability. 


The -VREF INPUTpin is uncommitted 
to allow 


utilization of negative polarity reference 
voltages. 
In this mode +VREFINPUTis 
grounded and the negative reference is tied 
directly to the -VREF INPUTcontains a 5kQ 
resistor that matches a like resistor in the 
+VREFINPUTto reduce voltage offset caused 
by op amp input bias currents. 


Output 
Amplifier 
and Interface 
The NE5020 provides an on-chip output op 
amp to eliminate the need for additional 
external active circuits. 
Its two-stage design 


with feed-forward 
compensation 
allows it to 
slew at 15V/fls and settle to within ±1/2LSB 
in SflS. These times are typical when driving 
the rated loads of RL ~ Sk and CL SOpFwith 
recommended 
values of CFF = 1nF and CFB = 
30pF. Typical input offset voltages of SmV 
and SOkQ open-loop gain insure that an 
accurate current-to-voltage 
conversion 
is 
performed when using the on-chip RFB 
resistor. 
RFB is matched to RREFand RBIPto 
maintain accurate voltage gain over operating 
conditions. 
The diode shown from ground to 
sum node prevents the DAC current switches 
from saturating the op amp during large 
signal transitions which would otherwise 
increase the settling time. 


The output op amp also incorporates 
output 


short circuit protection for both positive and 
negative excursions. 
During this fault 


condition lOUTwill limit at ±1SmA typical. 
Recovery from this condition to rated 


VREF 
ADJ 


(14) 


accuracy will be determined by duration of 
short-circuit and die temperature 
stabilization. 


Bipolar 
Output 
Voltage 


The NE5020 includes a thermally matched 
resistor, RBIP,to offset the output voltage by 
SV to obtain -SV to +SV output voltage range 
operation. 
This is accomplished 
by shorting 


Pins 18 and 22 (see Figure 13). This 
connection 
produces a current equal to 
(VREFIN- SUMNODE)+ RBIP(1mA nominal), 
which is injected into the sum node. 
Since 
full-scale current out is approximately 
2mA 


(1.9980mA), 
(2mA - 1mA)SkQ = SV will 


appear at the output. 
For zero DAC output 


currents, 
1mA is still injected into sum node 
and VOUT= -(SkQ) (1mA) =-SV 
Zero-scale 


adjust and full-scale adjust are performed as 
described below, noting that full-scale voltage 
is now approximately 
+SV 
Zero-scale adjust 
may be used to trim VOUT= 0.00 with the 
MSB high or VOUT= --5.0V with all bits off. 


Zero-Scale 
Adjustment 
The method of trimming the small offset error 
that may exist when all data bits are low is 


shown in Figure 14. The trim is the result of 
injecting a current from resistor Rz that 
counteracts 
the error current. 
Adjusting 


potentiometer 
R, until VOUTequals O.OOOVin 


the unipolar mode or --5.000V in the bipolar 
mode (see bipolar section accomplishes 
this 
trim. 


Full-Scale 
Adjustment 


A recommended 
full-scale adjustment circuit, 


when using the internal voltage reference, is 
shown in Figure 1S. Potentiometer 
R3 is 


adjusted until VOUTequals 9.99023V. 
In 


many applications 
where the absolute 


accuracy of full-scale is of low importance 
when compared to the other system accuracy 
factors this adjustment circuit is optional. 


As resistors RREF' RFB, and RBIPshown in 
the Block Diagram are integrated in close 
proximity, they match and track in value 
closely over wide ambient temperature 
variations. 
Typical matching is less than 
±O.3% which implies that typical full-scale (or 
gain) error is less than ±O.3% of ideal 
full-scale value. 


DESCRIPTION 
The NE5410/SE5410 
are 10-bit MUltiplying 
Digital-to-Analog 
Converters 
pin- and 
function-compatible 
with the 
industry-standard 
MC341 0, but with improved 
performance. 
These are capable of 
high-speed 
performance, 
and are used as 
general-purpose 
building blocks in cost 
effective D/A systems. 


The NE/SE541 0 provides complete 
10-bit 


accuracy and differential 
non-linearity over 
temperature, 
and a wide compliance 
voltage 
range. Segmented 
current sources, in 
conjunction with an RJ2R DAC, provide the 
binary weighted currents. The output buffer 
amplifier and voltage reference have been 
omitted to allow greater speed, lower cost, 
and maximum user flexibility. 


FEATURES 


• Pin- and function-compatible 
with MC3410 


• 1O-bit resolution and accuracy (±O.05%) 


• Guaranteed differential non-linearity over 
temperature 


• Wide compliance voltage range--2.5 
to 


+2.5V 


• Fast settling time-250ns 
typical 


• Digital inputs are TTL- and 


CMOS-compatible 


• High-speed multiplying input slew 
rate-20mAl~s 


• Reference amplifier internally-compensated 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Cerdip 
o to +70°C 
NE5410F 


16-Pin Cerdip 
-55 to +125°C 
SE5410F 


VEE 
1 


GNO 


OUTPUT 


0, (MSB) 4 


02 


03 
04 
05 8 


VREF+ 


VREF- 
vcc 


010 
(LSB) 


09 


08 
07 
9 
06 


• Successive approximation 
AID converters 


• High-speed, automatic test equipment 


• High-speed 
modems 


• Waveform generators 


• CRT displays 


• Strip CHART and X-V plotters 


• Programmable 
power supplies 


• Programmable 
gain and attenuation 


ABSOLUTE 
MAXIMUM 
RATINGS 


TA=+25°C, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Power supply 
+7.0 
Vrx; 


VEE 
-18 
Vrx; 


VI 
Digital input voltage 
+15 
Vrx; 


Vo 
Applied output voltage 
+4, -5.0 
Vrx; 


IREF('6) 
Reference current 
2.5 
mA 


VREF 
Reference amplifier inputs 
Vcc, VEE 
VDC 


VREF(D) 
Reference amplifier differential inputs 
0.7 
Vrx; 


TA 
Operating temperature 
range 


SE5410 
-55 to +125 
°C 


NE5410 
o to +70 
°C 


TJ 
Junction temperature 


Ceramic package 
+150 
°C 


TSTG 
Storage temperature 
-65 to +150 
°C 


PD 
Maximum power dissipation 
1190 
mW 
TA=25°C (still-air)' 


NOTES: 
1. 
Derate above 25°C at the following rate: 


F package at 9.5mW/"C 


DC ELECTRICAL 
CHARACTERISTICS 
(Continued) 


Vcc=+5.0VDC, VEE=-15VDC, IREF=2.0mA, all digital inputs at high logic level. SE5410: TA=-55°C to + 125"C, NE5410 Series: TA=O°C to +70°C, 
unless otherwise noted. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


ER 
Relative accuracy 
Over Temperature 
±O.025 
±O.05 
% 


(Error relative to full scale lo) 
±1/4 
±1/2 
LSB 


Differential non-linearity 
Over temperature 
±O.025 
±O.05 
% 


±1/4 
±1/2 
LSB 


Is 
Settling time to within ±1/2 LSB 
TA=25°C 
250 
(all bits low to high) 
ns 


tpLH 
Propagation 
delay time 
TA = 25°C 
35 


tpHL 
20 
ns 


TClo 
Output full-scale current drift 
20 
40 
ppml°C 


Digital input logic levels (all bits) 
V1H 
High level, Logic "1" 
2.0 
VDC 


Low level, Logic "0" 
0.8 


Digital input current (all bits) 
IIH 
High level, VIH = 5.5V 
20 
ILA 


IlL 
Low level, VIL = O.BV 
-20 


IREF(,s) 
Reference input bias current (Pin 15) 
-1.0 
-5.0 
ILA 


IDH 
Output current (all bits high) 
VREF= 2.000V, R16 = 1000Q 
3.937 
3.996 
4.054 
mA 


IOL 
Output currents (all bits low) 
TA = 25°C 
0 
0.4 
ILA 


TA= 25°C 
-2.5 
Vo 
Output voltage compliance 
ER <0.050% 
VDC 


relative to full-scale 
+2.5 


SR IREF 
Reference amplifier slew rate 
20 
mAIllS 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=+5.0Voc, 
VEE=-15Voc, IREF=2.0mA, all digital inputs at high logic level. SE5410: TA=-55°C to +125°C, NE5410 Series: TA=O°C to +70°C, 


unless otherwise 
noted. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


ST IREF 
Reference amplifier settling time 
o to 4.0mA, ±0.1% 
2.0 
Jls 


PSRR(-) 
Output current power supply sensitivity 
0.003 
0.01 
%,/0/0 


Co 
Output capacitance 
Vo=O 
25 
pF 


CI 
Digital input capacitance 
(all bits high) 
4.0 
pF 


Ice 
Power supply current (all bits low) 
+2 
+4 
mA 
lEE 
-12 
-18 


Vee 
Power supply votlage range 
TA= 25°C 
+4.75 
+5.0 
+5.25 
Voc 
VEE 
Vo=O 
-14.25 
-15 
-15.75 


Power consumption 
190 
300 
mW 
, 
I I 
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CIRCUIT DESCRIPTION 
The NE5410 consists of four segment current 
sources which generate the 2 Most 
Significant 
Bits (MSBs), and an R/2R DAC 
implemented 
with ion-implanted 
resistors for 


scaling the remaining 8 Least Significant 
Bits 
(LSBs) (see Figure 5). This approach 
provides complete 
1O-bit accuracy without 
trimming. 


The individual bit currents are switched ON or 
OFF by fully-differential 
current switches. The 


switches use current steering for speed. 


An on-chip high slew reference current 
amplifier drives the R/2R ladder and segment 
decoder. The currents are scaled in such a 
way that, with all bits on, the maximum output 
current is two times 1023/1024 of the 
reference amplifier current, or nominally 
3.996mA for a 2.000mA reference input 
current. The reference amplifier allows the 
user to provide a voltage input: out-board 
resistor R16 (see Figure 6) converts this 
voltage to a usable current. A current mirror 
doubles this reference current and feeds it to 
the segment decoder and resistor ladder. 


Thus, for a reference voltage of 2.0V and a 
1kn resistor tied to Pin 16, the full-scale 
current is approximately 
4.0mA. This 
relationship will remain regardless of the 
reference voltage polarity. 


Connections 
for a positive reference voltage 
are shown in Figure 6a. For negative 
reference voltage inputs, or for bipolar 
reference voltage inputs in the multiplying 
mode, R 15 can be tied to a negative voltage 
corresponding 
to the minimum input level. For 
a negative reference input, R16 should be 
grounded (Figure 6b). In addition, the 
negative voltage reference must be at least 
3V above the VEEsupply voltage for best 
operation. 
Bipolar input signals may be 
handled by connecting 
R16to 
a positive 
voltage equal to the peak positive input level 
at Pin 15. 


When a DC reference voltage is used, 
capacitive bypass to ground is 
recommended. 
The 5V logic supply is not 
recommended 
as a reference voltage. If a 
well regulated 5.0V supply, which drives logic, 
is to be used as the reference, R16 should be 


VEE(l) 


Figure 5. NE5410 Equivalent 
Circuit 


decoupled by connecting 
it to the +5.0V logic 


supply through another resistor and 
bypassing the junction of the two resistors 
with a 0.1 ~F capacitor to ground. 


The reference amplifier is 
internally-compensated 
with a 10pF 
feed-forward 
capacitor, which gives it its high 
slew rate and fast settling time. Proper phase 
margin is maintained with all possible values 
of R16 and reference voltages which supply 
2.0mA reference current into Pin 16. The 
reference current can also be supplied by a 
high impedance current source of 2.0mA. As 
R16 increases, the bandwidth 
of the amplifier 
decreases slightly and settling time 
increases. 
For a current source with a 


dynamic output impedance of 1.0MQ, the 
bandwidth of the reference amplifier is 
approximately 
half what it is in the case of 
R16=1.0kn, 
and settling time is ±10~. 
The 


reference amplifier phase margin decreases 
as the current souce value decreases 
in the 


case of a current source reference, so that 
the minimum reference current supplied from 
a current source is 0.5mA for stability. 
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OUTPUT 
VOLTAGE 
COMPLIANCE 
The output voltage compliance 
ranges from 


-2.5 to +2.5V. As shown in Figure 2, this 
compliance 
range is nearly constant over 


temperature. 
Atthe 
temperature 
extremes, 
however, the compliance 
voltage may be 


reduced if VEE>-15V. 


ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its 
intended value. It is dependent 
upon relative 


accuracy and full-scale current drift. Relative 
accuracy, or linearity, is the measure of each 
output current with respect to its intended 
fraction of the full-scale current. The relative 
accuracy of the NE5410 is fairly constant 
over temperature 
due to the excellent 


temperature 
tracking, of the implanted 


resistors. The full-scale current from the 
reference amplifier may drift with temperature 
causing a change in the absolute accuracy. 
However, the NE541 0 has a low full-scale 
current drift with temperature. 


The SE5410 and the NE5410 are accurate to 
within ± LSB at 25°C with a reference current 
of 2.0mA on Pin 16. 


MONOTONICITY 
The NE541 0 and S E54 10 are guaranteed 
monotonic over temperature. 
This means that 
for every increase in the input digital code, 
the output current either remains the same or 
increases but never decreases. 
In the 


multiplying mode, where reference input 
current will vary, monotonicity 
can be assured 
if the reference input current remains above 
O.5mA. 
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SETTLING TIME 
The worst-case 
switching condition occurs 


when all bits are switched "on."' which 
corresponds 
to a LOW-to-HIGH 
transition for 


all bits. This time is typically 2S0ns for the 
output to settle to within ± 1/2LSB for 10-bit 
accuracy, and 200ns for 8-bit accuracy. The 
turn-off time is typically 
120ns. These times 


apply when the output swing is limited to a 
small «O.7V) swing and the external output 
capacitance 
is under 2SpF. 


O.1J.lF 


~ 


The major carry (MSB off-to-on, all others 
on-to-off) settles in approximately 
the same 
time as when all bits are switched off-to-on. 


If a load resistor of 62sn is connected to 
ground, allowing the output to swing to -2.SV, 
the settling time increases to 1.S~s. 


Extra care must be taken in board layout as 
this is usually the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, 1OO~Fsupply 


bypassing, and minimum scope lead length 
are all necessary. 


A typical test setup for measuring settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a soon 
load resistor RL. 
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DESCRIPTION 
The AM60 12 12-bit multiplying 
Digital-to-Analog 
converter provides 
high-speed and 0.025% differential 
nonlinearity 
over its full commercial 


temperature 
range. 


The D/A converter uses a 3-bit segment 
generator for the MSBs in conjunction 
with a 
9-bit R-2R diffused resistor ladder to provide 
12-bit resolution without costly trimming 
processes. This technique guarantees 
a very 


uniform step size (up to ± LSB from the 
ideal), monotonicity 
to 12 bits and integral 


nonlinearity 
to 0.05% at its differential current 


outputs. 


The dual complementary 
outputs of the 


AM6012 increase its versatility, and 
effectively double the peak-to-peak 
output 


swing. Digital inputs, in addition, can be 
configured 
to accept all popular logic families. 


While the device requires a reference input of 
1mA for a 4mA full-scale current, operation is 
nearly independent 
of power supply voltage 
shifts. The power supply rejection ratio is 
±0.001% FS/% t,v. The devices will work 
from +5, -12V to ±1 BV rails, with as low as 
230mW power consumption 
typical. 


PIN CONFIGURATION 


0' and F Packages 
• 12-bit resolution 


• Accurate to within ±O.05% 


• Monotonic over temperature 


• Fast settling time, 250ns typical 


• Trimless design for low cost 


• Differential current outputs 


• High-speed 
multiplying capability 


• Full-scale current, 4mA (with 1mA 
reference) 


• High output compliance voltage, -5 to +10V 


APPLICATIONS 


• CRT displays, computer graphics 


• Robotics and machine tools 


• Automatic test equipment 


• Programmable 
power supplies 


• CAD/CAM systems 


• Data acquisition and control systems 


• Analog-to-digital 
converter systems 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Cerdip 
o to +70°C 
AM6012F 


20-Pin Plastic SOL 
o to +70°C 
AM6012D 


0, 


02 


03 
04 
4 


Os 


06 
07 
7 


08 
8 


Og 


0'0 


10 


10 
v- 


COMP 


VREF(-) 


VREF(+) 


GNONLC 


0'2 LSB 


11 
011 


SYMBOL 
PARAMETER 
RATING 
UNIT 


TA 
Operating 
temperature 


AM6012F 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TsOLO 
Lead soldering temperature 
10sec max 
300 
°C 


Vs 
Power supply voltage 
+18 
V 


Logic inputs 
-5V to +18 
V 


Voltage across current outputs 
-8V to +12 
V 


VREF 
Reference inputs V14, V lS 
V-toV+ 


VREF 
Reference input differential voltage (V'4 to V,S) 
±18 
V 


IREF 
Reference input current (1,4) 
1.25 
mA 


PD 
Maximum power dissipation, 
TA=25°C, 
(still-air)' 


F package 
1560 
mW 


D package 
1390 
mW 


NOTES: 
1. 
Derate above 25°C, at the following rate: 
F package at 12.5mW/oC 
D package at 11.1mWFC 


DC ELECTRICAL CHARACTERISTICS 
V+=+15V, V-=-15V, IREF=1.0mA, O°C S TAS 70°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Resolution 
12 
Bits 


Monotonicity 
12 
Bits 


DNL 
Differential nonlinearity 
Deviation from ideal step size 
±0.025 
%FS 


12 
Bits 


NL 
Nonlinearity 
Deviation from ideal straight line 
±.05 
%FS 


VREF=1O.OOOV 


IFs 
Full-scale current 
R'4-R,s=10.000kQ 
3.935 
3.999 
4.063 
mA 


TA=25°C 


TCIFs 
Full-scale tempco 
±10 
±40 
ppm/oC 


±O.001 
±0.004 
%FS/oC 


DNL Specification 
guaranteed 
over 
Voc 
Output voltage compliance 
compliance 
range 
-5 
+10 
V 
Roup10MQ 
typo 


IFss 
Symmetry 
IFs-IFs 
±O.4 
±2.0 
IJA 


Izs 
Zero-scale 
current 
0.10 
IJA 


VIL 
Logic 


VIH 
input 
Logic "0" 
0.8 
V 
levels 


Logic "1" 
2.0 


IIN 
Logic input current 
VIN=-5 to +18V 
40 
IJA 


VIS 
L09ic input swing 
V-=-15V 
-5 
+18 
V 


IREF 
Reference current range 
0.2 
1.0 
1.1 
mA 


1'5 
Reference bias current 
0 
-0.5 
-2.0 
IJA 


dl/dt 
Reference input slew rate 
R'4(oq)-800Q 
4.0 
8.0 
mN~s 
Cc=OpF 


PSSIFS. 
Power supply sensitivity 
V+=+ 13.5V to +16.5V, V-=-15V 
±O.0005 
±O.001 
%FS/% 


PSSIFS- 
V-=-13.5Vto-16.5V, 
V+=+15V 
±O.00025 
+0.001 


V+ 
Power supply range 
VOUT=OV 
4.5 
18 
V 
V- 
-18 
-10.8 


1+ 
V+=+5V, V-=-15V 
5.7 
8.5 
1- 
Power supply current 
-13.7 
-18.0 
mA 


1+ 
V+=+15V, V-=-15V 
5.7 
8.5 
1- 
-13.7 
-18.0 


PD 
Power dissipation 
V+_+5V, V---15V 
234 
312 
mW 


V+-+15V, 
V---15V 
291 
397 


AC ELECTRICAL CHARACTERISTICS 
V+=+15V, V-=-15V, IREF=1.0mA, O°C sTAs 
lO°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


ts 
Settling time 
To ± 1/2LSB, all bits ON or OFF, TA=25°C 
250 
500 
ns 


lpLH 
Propagation 
50% to 50% 
25 
50 
lpHL 
delay-all 
bits 
ns 


COUT 
Output capacitance 
20 
pF 


CIRCUIT DESCRIPTION 
The AM6012 is a 12-bit DAC which uses 
diffused resistors and requires no trimming to 
guarantee monotonicity 
over the temperature 
range. A segmented 
DAC design guarantees 
a more uniform step size over the 
temperature 
range than is normally available 
with trimmed 12-bit converters. 
The converter 
features differential 
high compliance 
current 
outputs, wide supply range, and a mUltiplying 
reference input. 


In many converter applications, 
uniform step 
size is more important than conformance 
to 
an ideal straight line. Many 12-bit converters 
are used for high resolution rather than high 
linearity, since few transducers 
are more 
linear than ±O.1%. All classic binarily 
weighted converters 
require ±1/2LSB 
(iO.012%) 
linearity in order to guarantee 
monotonicity, which requires very tight 
resistor matching and tracking. The AM6012 
uses conventional 
bipolar processing 
to 
achieve high differential linearity and 
mono tonicity without requiring 
correspondingly 
high linearity, or 
conformance 
to an ideal straight line. 


One design approach which provides 
monotonicity 
without requiring high linearity is 
the MaS switch-resistor 
string. This circuit is 


actually a full complement 
to a 
current-switched 
R-2R DAC since it is slower, 
has a voltage output, and, if implemented 
at 
the 12-bitlevel, 
would use 4096 low tolerance 
resistors rather than a minimum number of 
high tolerance resistors as in the R-2R 
network. Its lack of speed and density for 12 
bits are its drawbacks. 


With the segmented 
DAC approach, the 4096 
required output levels are composed of 8 
groups of 512 steps each. Each step group is 
generated 
by a 9-bit DAC, and each of the 
segment slopes is determined 
by one of 8 
equal current sources. The resistors which 
determine monotonicity 
are in the 9-bit DAC. 
The major carry of the 9-bit DAC is repeated 
in each of the 8 segments, and requires eight 
times lower initial resistor accuracy and 
tracking to maintain a given differential 
nonlinearity 
over temperature. 


The operation of the segmented 
DAC may be 
visualized by assuming an input code of all 
zeroes. The first segment current 10is divided 
into 512 levels by the 9-bit multiplying DAC 
and fed to the output, 'OUT.As the input code 
increases, a new segment current is selected 
for each 512 counts. The previous segment is 
fed to output lOUTwhere the new step group 
is added to it, thus ensuring monotonicity 
independent 
of segment resistor values. All 


higher order segments feed TOUT. 


With the segmented 
DAC approach, the 
precision of the 8 main resistors determines 
linearity only. The influence of each of these 
resistors on linearity is four times lower than 
that of the MSB resistor in an R-2R DAC. 
Hence, assuming the same resistor 
tolerances for both, the linearity of the 
segmented approach would actually be 
higher than that of an R-2R design. 


The step generator or 9-bit DAC is composed 
of a master and a slave ladder. The slave 
ladder generates the four least significant bits 
from the remainder of the master ladder by 
active current splitting utilizing scaled 
emitters. This saves ladder resistors and 
greatly reduces the range of emitter scaling 
required in the 9-bit DAC. All current switches 
in the step generator are high-speed 
fUlly-differential switches which are capable of 
switching low currents at high speed. This 
allows the use of a binary scaled network all 
the way to the least significant bit which 
saves power and simplifies the circuitry. 


Diffused resistors have advantages 
over thin 


film resistors beyond simple economy and 
bipolar process compatibility. 
The resistors 


are fabricated in single crystal rather than 
amorphous 
material which gives them beller 


long term stability and tracking and much 
higher moisture resistance. They are diffused 
at 1000°C and so are resistant to changes in 
value due to thermal and chemical causes. 
Also, no burn-in is required for stability. The 
contact resistance between aluminum and 
silicon is more predictable than between 
aluminum and an amorphous thin film, and no 
sandwich metals are required to enhance or 
protect the contact or limit alloying. The initial 
match between two diffused resistors is 


similar to that of thin film since both are 
defined by photomasks 
and chemical etching. 


Since the resistors are not trimmed or altered 
after fabrication, 
their tracking and long-term 


characteristics 
are not degraded. 


DIFFERENTIAL VS INTEGRAL 
NONLINEARITY 
Integral nonlinearity, for the purposes of the 
discussion, 
refers to the ·straightness· 
of the 


line drawn through the individual response 
points of a data converter. Differential 
nonlinearity, on the other hand, refers to the 
deviation of the spacing of the adjacent 
points from a 1 LSB ideal spacing. Both may 
be expressed as either a percentage 
of 


full-scale output or as fractional LSBs or both. 
The graphs in Figure 1 define the manner in 
which these parameters 
are specified. The 


left graph shows a portion of the transfer 
curve of a DAC with 
1/2LSB INL and the 


(implied) DNL spec of 1 LSB. Below this is a 
graphic representation 
of the way this would 


appear on a CRT screen where the AM6012 
is used as a display driver. On the right is a 
portion of the transfer curve of a DAC 
specified for 1/2LSB INL with 
LSB DNL 
specified and the graphic display below it. 


One of the characteristics 
of an R-2R DAC in 
standard form is that any transition which 
causes a zero LSB change (I.e., the same 
output for two different codes) will exhibit the 
same output each time that transition occurs. 
The same holds true for transitions 
causing a 
2 LSB change. These two problem transitions 
are allowable for the standard definition of 
monotonicity 
and also allow the device to be 


specified very tightly for INL. The major 
problem arising from this error type is in AID 
converter implementations. 
Inputs producing 


the same output are now represented 
by 


ambiguous output codes for an identical 
input. Also, two LSB gaps can cause large 
errors at those input levels (assuming 
1/2LSB quantizing 
levels). It can be seen 


from the two figures that the DNL-specified 
D/A converter will yield much finer grained 
data than the INL-specified 
part, thus 


improving the ability of the AID to resolve 
changes in the analog input. 


Product specification 


ססoo 0010 
0100 
0110 
1000 
1010 1100 
1110 
0001 
0011 
0101 
0111 
1001 
1011 1101 
1111 


DIGITAL 
INPUT 


±1/2LSB 
INL, ±1 LSB DNL 


ANALOG OUTPUT CURRENTS 
Both true and complemented 
output sink 
currents are provided where lo+To=IFR. 
Current appears at the "true" output when a 
"1" is applied to each logic input. As the 
binary count increases, 
the sink current at Pin 


18 increases proportionally, 
in the fashion of 


a "positive logic" D/A converter. When a "0" is 
applied to any input bit, that current is turned 
off at Pin 18 and turned on at Pin 19. A 
decreasing 
logic count increases Toas in a 
negative or inverted logic D/A converter. Both 
outputs may be used simUltaneously. If one 
of the outputs is not required, it must still be 
connected to ground or to a point capable of 
sourcing 'FR; do not leave an unused output 
pin open. 


Both outputs have an extremely wide voltage 
compliance enabling fast direct 
current-to-voltage 
conversion 
through a 
resistor tied to ground or other voltage 
source. Positive compliance 
is 25V above V- 


and is independent 
of the positive supply. 
Negative compliance 
is +1OV above V-. 


The dual outputs enable double the usual 
peak-to-peak 
load swing when driving loads 


in quasi-differential 
fashion. This feature is 
especially 
useful in cable driVing, CRT 


deflection and in other balanced applications 
such as driving center-tapped 
coils and 
transformers. 


POWER SUPPLIES 
The AM6012 operates over a wide range of 
power supply voltages from a total supply of 
20V to 36V. When operating with V- supplies 
of -1OV or less, IREF~1mA is recommended. 
Low reference current operation decreases 
power consumption 
and increases negative 
compliance, 
reference amplifier negative 
common-mode 
range, negative logic input 
range, and negative logic threshold range; 
consult the various figures for guidance. For 
example, operation at -9V with IREF=1mA is 
not recommended 
because negative output 
compliance would be reduced to near zero. 
Operation from lower supplies is possible, 
however at least 8V total must be applied to 
insure tum-on of the intemal bias network. 


Symmetrical 
supplies are not required, as the 
AM6012 is quite insensitive to variations in 
supply voltage. Battery operation is feasible 
as no ground connection 
is required; 


however, an artificial ground may be used to 


0010 
0010 
0100 
0110 
1000 
1010 1100 
1110 


0001 
0011 
0101 
0111 
lOOt 
1011 1101 
1111 


DIGITAL 
INPUT 


±2LSB 
INL. ±1 LSB DNL 


insure logic swings, etc., remain between 
acceptable 
limits. 


TEMPERATURE PERFORMANCE 
The nonlinearity 
and monotonicity 


specifications 
of the AM6012 are guaranteed 
to apply over the entire rated operating 
temperature 
range. Full-scale output current 


drift is tight, typically ±10ppmi"C, 
with 
zero-scale output current and drift essentially 
negligible compared to 1/2LSB. 


The temperature 
coefficient of the reference 


resistor R14 should match and track that of 
the output resistor for minimum overall 
full-scale drift. 


SETTLING TIME 
The AM60 12 is capable of extremely fast 
settling times, typically 250ns atIREF=1.0mA. 
Judicious circuit design and careful board 
layout must be employed to obtain full 
performance 
potential during testing and 
application. 
The logic switch design enables 


propagation 
delays of only 25ns for each of 


the 12 bils. Settling time to within 
LSB of the 


LSB is therefore 25ns, with each 
progressively 
larger bit taking successively 
longer. The MSB settles in 250ns, thus 
determining 
the overall settling time of 250ns. 


Settling to 1O-bit accuracy requires about 90 
to 130ns. The output capacitance 
of the 
AM6012 including the package is 
approximately 
20pF; therefore, 
the output RC 


time constant dominates settling time if 
RL>500n. 


Settling time and propagation 
delay are 
relatively insensitive to logic input amplitude 
and rise and fall times, due to the high gain of 
the logic switches. Settling time also remains 
essentially 
constant for IREFvalues down to 


0.5mA, with gradual increases for lower IREF 
values lies in the ability to attain a given 
output level with lower load resistors, thus 
reducing the output RC time constant. 


Measurement 
of settling time requires the 
ability to accurately 
resolve ±21JA,therefore a 
2.5kn load is needed to provide adequate 
drive for most oscilloscopes. 
At IREFvalues of 


less than 0.5mA, excessive 
RC damping of 
the output is difficult to prevent while 
maintaining adequate sensitivity. However, 
the major carry from 011111111111 to 
100000000000 
provides an accurate indicator 


of settling time. This code change does not 
require the normal 6.2 time constants to 
settle to within ±O.l% of the final value, and 
thus settling times may be observed at lower 
values of IREF. 


AM6012 switching transients or "glitches" are 
very low and may be further reduced by small 
capacitive loads at the output at a minor 
sacrifice in settling time. 


Fastest operation can be obtained by using 
short leads, minimizing output capacitance 
and load resistor values, and by adequate 
bypassing at the supply, reference, and VLC 
terminals. Supplies do not require large 
electrolytic bypass capacitors 
as the supply 


current drain is independent 
of input logic 
states; O.lflF capacitors at the supply pins 
provide full transient protection. 


APPLICATIONS 
INFORMATION 


Reference Amplifier Setup 
The AM6012 is a multiplying 
D/A converter in 


which the output current is the product of a 
digital number and the input reference 
current. The reference current may be fixed 
or may vary from nearly zero to +1.0mA. The 
full range output current is a linear function of 
the reference current and is given by: 


4095 


IFR 
= 4096 x 4 x (IREF) 
= 3.999 
IREF 


where IREF= 114 


In positive reference applications, 
an external 
positive reference voltage forces current 
through R14 into the VREF(+) terminal (Pin 14) 
of the reference amplifier. Alternatively, 
a 
negative reference may be applied to VREF(-) 
at Pin 15. Reference current flows from 
ground through R14 into VREF(+) as in the 
positive reference case. This negative 
reference connection has the advantage of a 
very high impedance presented at Pin 15. 
The voltage at Pin 14 is equal to and tracks 
the voltage at Pin 15 due to the high gain of 
the internal reference amplifier. R1S 
(nominally equal to R14) is used to cancel 
bias current errors (Figure 2a). 


Bipolar references may be accommodated 
by 
offsetting VREFor Pin 15. The negative 
common-mode 
range of the reference 
amplifier is given by: VCM_=V-plus (IREFx3kn) 
plus 1.8V. The positive common-mode 
range 


is V+ less 1.23V. 


When a DC reference is used, a reference 
bypass capacitor is recommended. 
A 5.0V 
TTL logic supply is not recommended 
as a 


reference. If a regulated power supply is used 
as a reference, R14 should be split into two 
resistors with the junction bypassed to 
ground with a 0.1flF capacitor. 


For most applications, 
the tight relationship 


between IREFand IFSwill eliminate the need 
for trimming IREF.If required, full-scale 
trimming may be accomplished 
by adjusting 


the value of R14, or by using a potentiometer 
forR14· 


MULTIPLYING 
OPERATION 
The AM6012 provides excellent multiplying 
performance with an extremely linear 
relationship 
between IFSand IREFover a 
range of lmA to llJA. Monotonic operation is 
maintained over a typical range of IREFfrom 
1OOIJAto 1.0mA. 


REFERENCE 
AMPLIFIER 
COMPENSATION 
FOR 
MULTIPLYING 
APPLICATIONS 


reference applications will require the 
reference amplifier to be compensated 
using 


a capacitor from pin 16to V-. The value of 


this capacitor depends on the impedance 
presented to Pin 14. For R14 values of 1.0, 
2.5 and 5.0kn, minimum values of Cc are 5, 
12 and 25pF. Larger values of R14 require 
proportionately 
increased values of CC for 


proper phase margin (see Figure 2b). 


For fastest response to a pulse, low values of 
R14 enabling small Cc values should be 
used. If Pin 14 is driven by a high impedance 
such as a transistor current source, none of 
the above values will suffice and the amplifier 
must be heavily compensated 
which will 
decrease overall bandwidth 
and slew rate. 


For R14=lkn 
and Cc=5pF,the 
reference 


amplifier slews at 4mAlms enabling a 
transition from IREF=Oto IREF=lmA in 250ns. 


Operation with pulse inputs to the reference 
amplifier may be accommodated 
by an 


alternate compensation 
scheme. This 
technique provides lowest full-scale transition 
times. An internal clamp allows quick 
recovery of the reference amplifier from a 
cutoff (IREF=O)condition. 
Full-scale transition 
(0 to 1mAl occurs in 62.5ns when the 
equivalent 
impedance at Pin 14 is 800n and 
Cc=O. This yields a reference slew rate of 
8mAlfls which is relatively independent 
of RIN 


and VIN values. 


LOGIC 
INPUTS 


The AM6012 design incorporates 
a unique 


logic input circuit which enables direct 
interface to all popular logic families and 
provides maximum noise immunity. This 
feature is made possible by the large input 
swing capability, 401JAlogic input current, and 
completely adjustable 
logic threshold voltage. 


For V-=-15V, the logic inputs may swing 
between -5 and + 1OV.This enables direct 
interface with +15V CMOS logic, even when 
the AM6012 is powered from a +5V supply. 
Minimum input logic swing and minimum logic 
threshold voltage are given by: 


V- plus (IREFx3kn) plus 1.8V. 


The logic threshold may be adjusted over a 
wide range by placing an appropriate 
voltage 


at the logic threshold control pin (Pin 13, 
VLC). For TTL interface, simply ground Pin 
13. When interfacing 
ECL, an IREFS1mAis 
recommended. 
For general setup of the logic 


control circuit, it should be noted that Pin 13 
will sink 1.1mA typical. External circuitry 
should be designed to accommodate 
this 
current (Figure 3). 


1 


0.11 
22~FTANTAlUM 


20= = 
(NOTE5) 


Positive reference 


Negative reference 


Lo impedance 
bipolar reference 


Hi impedance 
bipolar reference 


Pulsed reference4 


NOTES: 


1. 
The oompensatlon 
capacitor 
Is a function 
of the IlTlJedance seen 
at the +VREF 
input and 
must 
be at least 
5pF x R14(eq) 
In kn. 
For At4 
< 8000 
no capacitor 
Is necessary. 


2. 
For negative 
values 
of VIN. 
VR+ I At. 
must 
be greater 
than 
-VIN 
max I RIN so that the arTlllifler 
6 not turned 
off. 


3. 
For positive 
values 
of VIN. 
VR+ 
must 
be greater 
than 
-VIN 
max $0 the 8l'rl'lifief 
Is not turned 
off. 


4. 
For pulsed 
opear1lon, 
VR+ 
provides 
a DC offset 
and may 
be set to zero 
In some 
cases. 
The Il1'l>8dance 
at Pin 14 should 
be 800Q 
Of less. 


5. 
For optll'llJm settling time. decxxJP'e V- with 200 and bypass with 22~F tantulum capacitor. 


6. 
Reference 
current 
and 
reference 
resistor -there 
Is a t-t0-4 
scale fadorbetween 
the reference 
current 
(IREF) 
and the full-scale 
output 
current 
(IFS). 


If VREF. 
+10V 
and 'FS. 
4mA, 
the value 
of the 
A14 
is: 


VA.JR14 


-VR-1R14 


(VA.JR14) 
+ (V1";R1N)2 


(VA+ - RiN) I R143 


(VA.JR14) 
+ (VI";R1N) 


MInimum SIza 
Compenlatlon 
Clpacltor 


(IFS = 4mA,IREF = 1.0mA) 


NOTE: 


A O.OlJ.1.Fcapacitor 
Is recommended 
lor fixed 
reference operatkm. 


.,",.: 
:>~ 
:>0 
w 
-2 
~~ -4 
wa: 


-6 


A14(lO).2k fit- 
Cc-1OpF 


... 


LARGE 
SIGNAL=50% 
~ 
f- 


MODUlA nON OF 4mA 
- 


FU~ll ~1Alr 
C~RIRI~NT 


SMALL SIGNAL.' 1'..4 
MODUlA nON OF 2mA 


FUll~ ~TAlIE CP~~~NT 


RWED 
(kn) 
Cc (pF) 


10 
50 
5 
25 
2 
10 


1 
5 


.5 
0 


TO PIN 13 


VLC 


6.2kn 


TO PIN 13 


VLC 


4OO}'A 


~ 


NOTE: 
1. Set the voltage 
'A' to the desired 
logic 
input switchIng 
threshold. 


2. 
Allowable 
range 
of logic 
threshold 
Is typically-5V 
to .13.5V when 
operating 
the 
DAC on t15V supplies. 


Figure 
16. Interfacing 
Circuits 
for ECL, CMOS, HTL Logic 
nputs 


NOTE: 


RREF 
SETS 
IFS; 
R15 
IS FOR A 


BIAS 
CURRENT 
CANCELLATION 


NOTE: 
VREF(-) 
'FS" 
RREF 
x 4 


RREFsets IFs; R15 is for a bias current cancellatIon. 


RECOMMENDED FULL·SCALE 
ADJUSTMENT CIRCUIT 


IIGHINPUT 
IMPEDANCE 


VREF 
MUST 
BE ABOVE 
PEAK 
POSITIVE 
SWING 
OF VIN 


~o 
.-10 
Ie 


5,oookrl 
2.000mA-- 
ROFF 
R3 
R, 


I c'--L~ 
f 


R14 
e 


+10V 
10kn 


~ 


VOUT 
REF 
VREF(+) 
10 
• 
d_~/ 
AM6012 


VREF(-) 
10 
..- 
~ 
b 


~ 


R 
' 
5 
10kn 
B. 
B 


' 
2 
9 
R2 
1 
~"O""+ 


(SEE CODE TABLE) 


VREF 
'= 


R14=~ 


VREF 
MSB 
LSB 


ROFF 
•• "2.OfTiA 


MSB 
LSB 
'0 
'0 
VOUT 
CODE FORMAT 
CONNECTIONS 
OUTPUT SCALE 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
810 811 
B12 
(mA) 
(mA) 


Straight 
binary; 
one 
.-c 
Positive 
full-scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3,999 
0.000 
9.9976 


polarity 
with 
true 
input 
b-g 
Positive 
full-scale 
- 
LSB 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
3.998 
0.001 
9.9951 


code, 
true zero 
output. 
R1= R2 _ 2.5k 
Zero-scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
0.ססOO 
Unipolar 
COf'Tl)lemenlary bInary; 
.-g 
Positive 
full-scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
9.9976 


one polarity 
with 
b-c 
Positive 
full-scale 
- 
LSB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.001 
3.998 
9.9951 


complementary 
Input 
R'. 
R2. 
2.5k 
Zero-scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3.999 
0.000 
0.ססOO 


code. 
true zero 
output. 


Slraight 
offset 
binary; 
.-c 
Positive 
full-scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3.999 
0.000 
9.9976 


offset 
half-scale, 
b-d 
Positive 
full-scale 
- 
LSB 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
3.998 
0.001 
9.9927 


symmetrical 
about 
zero, 
l-g 
(+) Zero-scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.000 
1.999 
0.0024 


no true zero 
output. 
R'.R3.2.5k 
(-) 
Zero-scala 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.999 
2.000 
-0.0024 


R2 *' 1.25k 
Negative 
full-scale 
- 
LSB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.001 
3.998 
-9.9927 


Symmetrical 
Negative 
full-scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
-9.9976 


Offset 
1's corrplement; 
offset 
.-c 
Positive 
full-scale 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3.999 
0.000 
9.9976 


hall-scale, 
symmetrical 
b-d 
Positive 
full-scale 
- 
LSB 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
3.998 
0.001 
9.9927 


about zero, no true zero 
1-9 
(+) Zero-scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.000 
1.999 
0.0024 


output, 
MSB 
corrplemented 
R' _ R3. 
2.5k 
(-) 
Zero-scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.999 
2.000 
-0.0024 


(need 
inverter 
at 81). 
R2. 
1.25k 
Negative 
full-scale 
- 
LSS 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.001 
3.998 
-9.9927 


Negative 
full·scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
-9.9976 


Offset 
binary; 
offset 
half- 
e-a-c 
Positive 
full-scale 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3.999 
0.000 
9.9951 


scale, 
true zero output. 
b-g 
Positive 
full-scale 
- 
LSS 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
3.998 
0.001 
9.9902 
Rl_R2_5k 
+ LSB 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2.001 
1.998 
0.0049 


Zero-scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.000 
1.999 
0.000 


-LSB 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.999 
2.000 
-0.0049 


Negative 
full-scale 
+ LSB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.001 
3.998 
-9.9951 


Offset 
with 
Negative 
full-scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
-10.000 


True Zero 
2's cOl'll'lement; 
offset 
e-a-c 
Positive 
full·scale 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


half-scale, 
true zero 
b-g 
Positive 
full-scale 
- 
LSB 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
3.998 
0.001 
9.9902 


output, 
MSB 
cOl'll'lemented 
R,.R2.5k 
+ 1 LSS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2.001 
1.998 
0.0049 


(need 
inverter 
at 81). 
Zero·scale 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.000 
1.999 
0.000 


-1LSB 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1.999 
2.000 
-0.049 


Negative 
full-scale 
+ LSB 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0.001 
3.999 
-9.9951 


Negative 
full-scale 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.000 
3.999 
-10.000 


Figure 17. AM6012 logic 
Inputs 


ADDITIONAL CODE MODIFICATIONS 
1. Any of the offset binary codes may be 
complemented 
by reversing the output 


terminal pair. 


NOTES, 
1. Full differential 
drive 
lowers 
power 
supply vo~age. 
2. 
Eliminates 
inverting 
amplifiers 
and 
transformers. 
3. 
Independent 
beam 
centering 
controls. 


CONVERSION 
TIME v. ACCURACY 


1.25 


SERIAL 
1.00 


DATA 
OUT 
III 
III... 


>'" 
0.75 
0" 
CLOC 
a: 
::>0 
0.50 
lSB 
0" 


0.25 


+ 5V 


0.00 
100 
200 
300 
400 
500 
600 
700 
800 


CONVERSION 
TIME 
PER TRIAL, 
ns 


CONVERSION 
WORST 


TIME 
(ns) 
TYP 
CASE 


SAR 
33 
55 


NE529 
100 
150 


TOTAL 
383ns 
7050s 


X13 
5.OI<s 
9.11'S 


E2 


E, 


EB 
LSB 


D3A 
O:lA 
D3B 
°3B 


D2A 
~A 
D2B 
°2B 
'I2LS'OO 
112LS100 
D'A 
O'A 
D'B 
O'B 


DOA 
EA 
OoA 
DOB 
°OB 


Philip. Semiconductor. 
LinearProduct. 


performance 
and superior 
sound 


quality. The TDA1541A 
is therefore 


extremely 
suitable 
for use in top-end 


high-fi digital audio equipment 
such 


as high quality Compact 
Disc players 


or digital amplifiers. 


• 
High sound quality 
• 
High performance: 
low noise and 


distortion, 
wide dynamic 
range 


• 
4 x or 8 x oversampling 
possible 


• 
Selectable 
two-channel 
input 


format 


• TTL compatible 
inputs 


The TDA1541A 
is a stereo 16-bit 


digital-to-analog 
converter 
(DAC). 


The ingenious 
design of the 


electronic 
circuit guarantees 
a high 


EXTENDED 
TYPE NUMBER 
PINS 


TDA1541A 
28 


PACKAGE 


PIN POSITION 
MATERIAL 


DIL 
plastic 


CODE 


SOT117 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
supply voltage; 
pin 28 
4.5 
5.0 
5.5 
V 


-VOOl 
supply voltage; 
pin 26 
4.5 
5.0 
5.5 
V 


-V002 
supply voltage; 
pin 15 
14.0 
15.0 
16.0 
V 


100 
supply current; 
pin 28 
- 
27 
40 
mA 


-1001 
supply current; 
pin 26 
- 
37 
50 
mA 


-1002 
supply current; 
pin 15 
- 
25 
35 
mA 


THD 
total harmonic 
distortion 
including 
noise 
- 
-95 
-90 
dB 


atO dB 
- 
0.0018 
0.0032 
% 


THD 
total harmonic 
distortion 
including 
noise 
- 
-42 
- 
dB 


at-60 
dB 
- 
0.79 
- 
% 


NL 
non-linearity 
at Tamb = 
- 
0.5 
1.0 
LSB 
-20 to +85 °C 


tes 
current settling time to ±1 LSB 
- 
0.5 
- 
Ils 
BR 
input bit rate at data input; (pin 
- 
- 
6.4 
Mbits/s 
3and 
4) 


facK 
clock frequency 
at clock input 
- 
- 
6.4 
MHz 


TCFS 
full scale temperature 
at analog outputs 
- 
±200 x 10--6 
- 
K-l 
coefficient 
(AOL;AOR) 


Tamb 
operating 
ambient temperature 
-40 
- 
+85 
°C 


range 


Ptot 
total power dissipation 
- 
700 
- 
mW 


100nF 
~ 


(hi FE 


311l2-BIT 


ACTIVE 
DIVIDER 


~ 
100nF 
S9. "., 


CONTROL 


& 


TIMING 


26 
VOOl 


100 
~~oB 
15 
nF 


V002 


(1) TDA1542 


(2) 2 x NE5534 or equivalent 


Philips 
Components 


SYMBOL 
PIN 
DESCRIPTION 


LElWS· 
1 
latch enable input / word select input 


BCK* 
2 
bit clock input 


DATAL 
3 
data left channel 
input / 
/DATA* 
data input (selected format) 


DATAR* 
4 
data right channel 
input 


GND(A) 
5 
analog ground 


AOR 
6 
right channel output 


DECOU 
7 to 13 
decoupling 


GND(D) 
14 
digital ground 


VDD2 
15 
-15 
V supply voltage 


COSC 
16,17 
oscillator 


DECOU 
18 to 24 
decoupling 


AOL 
25 
left channel output 


VDD1 
26 
-5 
V supply voltage 


OBfTWC* 
27 
mode select input 


VDD 
28 
+5 V supply voltage 


VDD 


OB/TWC 


vDDI 


ADL 


DECOU 


DECOU 


DECOU 


DECOU 


DECOU 


DECOU 
DECOU 


DECOU 


Decou 
Cose 


DECOU 
Cose 


GND (D) 
VDD2 


lZ95345. 
, 


The TDA1541A 
accepts 
input sample formats 
in time multiplexed 
mode or simultaneous 
mode up to 16-bit word length. 


The most significant 
bit (MSB) must always be first. This flexible 
input data format allows easy interfacing 
with signal 


processing 
chips such as interpolation 
filters, error correction 
circuits, 
pulse code modulation 
adaptors 
and audio 


signal processors 
(ASP). 


The high maximum 
input bit-rate 
and fast settling 
facilitates 
application 
in 8 x oversampling 
systems 
(44.1 kHz to 


352.8 kHz or 48 kHz to 384 kHz) with the associated 
simple analog filtering 
function 
(low order, linear phase filter). 


Input data selection 
(see also Table 1) 


With the input OBITWC 
connected 
to ground, 
data input (offset binary format) must be in time multiplexed 
mode. It is 


accompanied 
with a word select ryJS) and a bit clock input (BCK) signal. The converted 
samples 
appear at the output, 


at the first positive 
going transition 
of the bit clock signal after a negative going transition 
of the word select signal. 


When input OBITWC 
input is connected 
to VDD1 the two channels 
of data (UR) are input simultaneously 
via DATA Land 


DATA R, accompanied 
with BCK and a latch-enable 
input (LE). With this mode selected 
the data must be in offset 
binary. The converted 
samples 
appear at the output 
at the positive going transition 
of the latch enable signal. 


True 16-bit performance 
is achieved 
by each channel using three 2-bit active dividers, 
operating 
on the dynamic 


element 
matching 
principle, 
in combination 
with a 10-bit passive current divider, based on emitter 
scaling. All digital 


inputs are TTL compatible. 


OBfTWC 
mode 
pin 1 
pin2 
pin3 
pin4 


-5V 
simultaneous 
LE 
BCK 
DATAL 
DATAR 


OV 
time MUXOB 
W8 
BCK 
DATAOB 
not used 


+5V 
time MUXTWC 
W8 
BCK 
DATATWC 
not used 


iSYMBOl 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VDD 
supply voltage; 
pin 28 
0 
7 
V 


-VDD1 
supply voltage; 
pin 26 
0 
7 
V 


-VDD2 
supply voltage; 
pin 15 
0 
17 
V 


TSI9 
storage temperature 
-65 
+150 
°C 
range 


Tamb 
operating 
ambient 
-40 
+85 
°C 


temperature 
range 


Ves 
electrostatic 
-1000 
+1000 
V 


handling" 


• Equivalent 
to discharging 
a 100 pF capacitor 
through 
a 1.5 kQ series 
resistor. 


Where: 
LE 
W8 


BCK 


DATAL 


DATAR 


DATAOB 
DATATWC 


= latch enable 
= word select, 


LOW = left channel; 


HIGH = right channel 
= bit clock 
= data left 
= data right 
= data offset binary 
= data two's 
complement 
= mulitplexed 
offset 


binary 


= multiplexed 
two's 
complement 
= 128- 


format 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Voo 
supply voltage; 
pin 28 
4.5 
5.0 
5.5 
V 


-V001 
supply voltage; 
pin 26 
4.5 
5.0 
5.5 
V 


-V002 
supply voltage; 
pin 15 
14.0 
15.0 
16.0 
V 


VGNO(A) 
voltage difference 
between 
-0.3 
0 
+0.3 
V 


-VGNO(O) 
analog and digital ground 


100 
supply current; 
pin 28 
- 
27 
40 
mA 


-1001 
supply current; 
pin 26 
- 
37 
50 
mA 


-1002 
supply current; 
pin 15 
- 
25 
35 
mA 


Inputs 


input current pins (1,2, 3 and 4) 


-IlL 
digital inputs LOW 
VI = 0.8 V 
- 
- 
0.4 
mA 


IIH 
digital inputs HIGH 
VI = 2.0 V 
- 
- 
20 
~A 


IloBfTWCI 


Digital input currents 
(pin 27) 
+5V 
- 
- 
1 
~A 


IIOBfTWCI 
OV 
- 
- 
20 
~A 


IIOBfTWCI 
-5V 
- 
- 
40 
~A 
input frequency/bit 
rate 
fBCK 
clock input pin 2 
- 
- 
6.4 
MHz 


BR 
bit rate data input pin 3 and 4 
- 
- 
6.4 
Mbits/s 


fws 
word select input pin 2 
- 
- 
200 
kHz 


fLE 
latch enable input 1 
- 
- 
200 
kHz 


CI 
input capacitance 
of digital 
- 
12 
- 
pF 
inputs 


Analog outputs (AOL; AOR; see note 1) 


Res 
resolution 
- 
16 
- 
bits 


IFS 
full scale current 
3.4 
4.0 
4.6 
mA 


Ilzsl 
zero scale current 
- 
25 
50 
nA 


TCFS 
full scale temperature 
Tamb= -20 to +85 °C 
- 
±200 x 10-6 
- 
K-1 
coefficient 


Analog outputs 
(Vretl 


EL 
integral linearity error 
Tamb = 25°C 
- 
0.5 
1.0 
LSB 
EL 
integral linearity error 
Tamb = -20 to +85°C 
- 
- 
1.0 
LSB 
EdL 
differential 
linearity error 
Tamb = 20°C, note 2 
- 
0.5 
1.0 
LSB 
EdL 
differential 
linearity error 
Tamb= -20 to +85°C 
- 
- 
1.0 
LSB 
THO 
total harmonic 
distortion 
at 0 dB; note 3 
-100 
- 
dB 
- 
0.0010 
- 
% 


THO 
total harmonic 
distortion 
including 
noise at 
- 
-95 
-90 
dB 
o dB; 


note 3, Fig.3 
- 
0.0018 
0.0032 
% 


THO 
total harmonic 
distortion 
including 
noise at 
- 
-42 
- 
dB 


-60 
dB; 


note 3, Fig.3 
- 
0.79 
- 
% 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
tcs 
settling 
time ±1 LSB 
- 
0.5 
- 
lls 


ex 
channel separation 
90 
98 
- 
dB 


Idd 
unbalance 
between 
outputs 
note 4 
- 
< 0.1 
0.3 
dB 


Itdl 
time delay between 
outputs 
- 
- 
0.2 
lls 


SSVR 
supply voltage 
ripple rejection 
VDD = +5 V; note 4 
- 
-76 
- 
dB 


SSVR 
supply voltage 
ripple rejection 
VDD1= -5 V; note 4 
- 
-84 
- 
dB 


SSVR 
supply voltage 
ripple rejection 
VDD2= -15 V; note 4 
- 
-58 
- 
dB 


SIN 
signal-to-noise 
ratio 
at bipolar zero 
- 
110 
- 
dB 


SIN 
signal-to-noise 
ratio 
at full scale 
98 
104 
- 
dB 


Timing (Fig A and 5) 


t, 
rise time 
- 
- 
32 
ns 


tf 
fall time 
- 
- 
32 
ns 


tCY 
bit clock cycle time 
156 
- 
- 
ns 


tHB 
bit clock HIGH time 
46 
- 
- 
ns 


tLB 
bit clock LOW time 
46 
- 
- 
ns 


tFBRL 
bit clock fall time to latch 
0 
- 
- 
ns 
enable rise time 


tRBFL 
bit clock rise time to latch 
0 
- 
- 
ns 


enable fall time 


tSU;DAT 
data set-up time 
32 
- 
- 
ns 


tHD;DAT 
data hold time to bit clock 
0 
- 
- 
ns 


tHD;WS 
word select hold time 
0 
- 
- 
ns 


tsu;ws 
word select set-up time 
32 
- 
- 
ns 


TDA 1541 A/N2 
bit1-16 
EdL < 1 LSB 


TDA 1541 A/N2/R 1 
bit 1-16 
EdL < 2 LSB 


TDA 1541 A/N2/S 1 
bit 1-7 
EdL < 0.5 LSB 
bit 8-15 
EdL < 1 LSB 
bit 16 
EdL < 0.75 LSB 


-30 
THD 


(dB) 
-40 


-50 


-60 


-70 


-80 


-90 


- 
-I--. 
_(1) 
~ 


(2) 


(1) Measured 
including 
all distortion 
plus noise at a signal level of -60 dB 


(2) Measured 
including 
all distortion 
plus noise at a signal level of -0 dB 


Notes to Fig.3a 


• The sample frequency 
4FS: 176.4 kHz. 


• 
Ref: 0 dB is the output 
level of a full scale digital sine wave stimulus. 


-30 


THO 


(dB) 


-40 


-50 


-60 


-70 


-80 


-90 


- 


(1) 


• 


(2) 
r-- 


(1) Measured 
including 
all distortion 
plus noise at a signal level of -60 dB 


(2) Measured 
including 
all distortion 
plus noise at a signal level of -0 dB 


Notes to Fig.3b 


• The sample frequency 
8FS: 352.8 kHz. 


• 
Ref: 0 dB is the output 
level of a full scale digital sine wave stimulus. 


DATA 
x 
~X 
L_S_B 
_ 


Produclapeclflcallon 


• 
Low distortion 


• 
16-bit dynamic 
range 


• 
4 x oversampling 
possible 


• 
Single 5 V power supply 


• 
No external components 
required 


• 
No requirement 
for external 


deglitcher 
circuitry 
due to fast 


settling 
output 
current 


• Adjustable 
bias current 
• 
Internal timing and control 
circuits 


• 
12S input format: 
time multiplexed, 


two's complement, 
TTL 


Compact 
Disc players, digital tape or 


cassete 
recorders, 
digital sound in 
TV sets and in digital amplifiers. 
The TOA 1543 is a monolithic 


integrated 
dual 16-bit digital-to- 


analog converter 
(OAC) designed 
as 


an economy 
version for use in hi-fi 


digital audio equipment 
such as 


EXTENDED 
PACKAGE 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TOA1543 
8 
OIL 
plastic 
SOT97 


TOA1543T 
16 
mini-pack 
plastic 
S016L;SOT162A 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VDD 
supply voltage 
3.0 
5.0 
8.0 
V 


IDD 
supply current 
- 
50 
60 
mA 


IFS 
full scale output current 
1.95 
2.30 
2.65 
mA 


THO 
total harmonic 
distortion 
including 
noise 
- 
-75 
-70 
dB 


at 0 dB 
- 
0.018 
0.032 
% 


THO 
total harmonic 
distortion 
including 
noise 
- 
-30 
-23 
dB 


at-60 
dB 
- 
3.2 
7.9 
% 


tes 
current settling 
time to ±1 LSB 
- 
0.5 
- 
Ils 


BR 
input bit rate at data input 
- 
- 
9.2 
Mbitsls 


fSCK 
clock frequency 
at clock input 
- 
- 
9.2 
MHz 


SIN 
signal-to-noise 
ratio 
at bipolar zero 
90 
96 
- 
dB 


TCFS 
full scale temperature 
at analog outputs 
- 
±500 
X 10-6 
- 
K-1 
coefficient 
(AOL;AOR) 


Tamb 
operating 
ambient 
temperature 
-30 
- 
+85 
°C 
range 


Plol 
total power dissipation 
- 
250 
- 
mW 


Ibias 
bias current (adjustable) 
-0.6 
- 
5.0 
mA 


Dual 16-bit CAe (economy version) 
(128 input format) 


CONTROL 


& 
TIMING 


(1) Optional 


(2) 2 x 1/2 NE5532 


Philips 
Components 


Dual 16-bit DAC (economy version) 
(I2S input format) 


SYMBOL 
PIN 
DESCRIPTION 


BCK 
1 
bit clock input 


WS 
2 
word select input 


DATA 
3 
data input 
GND 
4 
ground 


Voo 
5 
+5 V supply voltage 
AOL 
6 
left channel voltage output 


Vref 
7 
reference 
voltage output 
AOR 
8 
right channel output 


SYMBOL 
PIN 
DESCRIPTION 


n.c. 
1 
not connected 


n.c. 
2 
not connected 


BCK 
3 
bit clock input 


WS 
4 
word select input 
DATA 
5 
data input 
GND 
6 
ground 


n.c. 
7 
not connected 


n.c. 
8 
not connected 


n.c. 
9 
not connected 


n.c. 
10 
not connected 


Voo 
11 
+5 V supply voltage 
AOL 
12 
left channel output 


Vref 
13 
reference 
voltage output 


AOR 
14 
right channel output 


n.c. 
15 
not connected 


n.c. 
16 
not connected 


Philips Components 


Dual 16-bit DAC (economy version) 
(125 input format) 


BCK 
WS 


DATA 


l 


~ 
TDA1543 


Dual 16-bit DAC {economy version} 
{I2S input format} 


The TDA1543 accepts 
input serial data formats 
in two's complement 
with any bit length. Left and right data words are 


time multiplexed. 
The most significant 
bit (bit 1) must always be first. The format 
of data input is shown in FigA and 
Fig.5. 


This flexible 
input data format 
(12S)allows easy interfacing 
with signal processing 
chips such as interpolation 
filters, 


error correction 
circuits 
and audio signal processor 
circuits 
(ASP). 


The high maximum 
input bit-rate 
and fast settling 
current facilitates 
application 
in 4 x oversampling 
systems. 
An 


adjustable 
current 
is added to the output currents 
to bias output operational 
amplifiers 
(OP1: OP2) for maximum 


dynamic 
range (see Fig.1). 


With a LOW level on the word select (WS) input data is placed in the left input register and with a HIGH level on the WS 


input data is placed in the right input register. The data in the input registers 
is simultaneously 
latched 
in the output 


registers 
which control 
the bit switches. 


The output 
current of the DAC is a sink current. The current 
Irel at the Vrel output 
is adjusted 
by a resistor 
or a current 


source. The current 
Irel is amplified 
with gain Albias to the bias currents 
(ISL: ISR)which are added to the output 
currents. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


VDD 
supply voltage range 
0 
9 
V 


TXTAL 
crystal temperature 
- 
+150 
°C 


Tstg 
storage temperature 
-55 
+150 
°C 


range 


Tamb 
operating 
ambient 
-30 
+85 
°C 


temperature 
range 


Ves 
electrostatic 
-2000 
+2000 
V 
handling' 


Dual 16-bit DAC {economy version} 
{I2S input format} 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


voo 
supply voltage 
range 
3.0 
5.0 
8.0 
V 


IOD 
supply current 
note 1 
- 
50 
60 
mA 


RR 
ripple rejection 
note 2 
- 
50 
- 
dB 


Digital inputs 


input current pins (1, 2 and 3) 
IlL 
digital inputs LOW 
VI = 0.8 V 
- 
- 
-0.4 
mA 


IIH 
digital inputs HIGH 
VI = 2.0 V 
- 
- 
20 
IlA 


input frequency/bit 
rate 
fSCK 
clock input pin 1 
- 
- 
9.2 
MHz 


BR 
bit rate data input pin 3 
- 
- 
9.2 
Mbits/s 


fws 
word select input pin 2 
- 
- 
192 
kHz 


Analog outputs 
(AOL; AOR) 


Res 
resolution 
- 
- 
16 
bits 


output 
voltage 
compliance 


VOC(AC) 
AC 
- 
±25 
- 
mV 


VOC(OC) 
OC 
1.8 
- 
Voo-1.2 
V 


IFS 
full scale current 
1.95 
2.30 
2.65 
mA 


TCFs 
full scale temperature 
- 
±500 x 10-6 
- 
K-1 


coefficient 


Ioffset 
offset current 
Iref = 0 mA 
-0.1 
0.0 
0.1 
mA 


Ibias 
bias current (adjustable) 
-0.6 
- 
5.0 
mA 


Albias 
bias current gain 
1.9 
2.0 
2.1 


Analog outputs 
(Vretl 


Vref 
reference 
voltage 
output 
2.10 
2.20 
2.30 
V 


Iref 
reference 
current output 
-0.3 
- 
2.5 
mA 


THO 
total harmonic 
distortion 
including 
noise at 
-75 
-70 
dB 
o dB; 


note 3, Fig.6 
0.018 
0.032 
% 


THO 
total harmonic 
distortion 
including 
noise at 
- 
-30 
-23 
dB 


-60 dB; 


note 3, Fig.6 
- 
3.2 
7.9 
% 


tes 
settling time ±1 LSB 
- 
0.5 
- 
Ils 
a 
channel separation 
85 
90 
- 
dB 


Idlol 
unbalance 
between 
outputs 
note 4 
- 
< 0.2 
0.3 
dB 


Itdl 
time delay between 
outputs 
- 
< 0.2 
- 
Ils 


SIN 
signal-to-noise 
ratio 
at bipolar zero; 
90 
96 
- 
dB 
note 5 


Dual 16-bit DAC (economy version) 
(125 input format) 


SYMBOL 
PARAMETER 
I 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Timing (FigA) 


tr 
rise time 
- 
- 
32 
ns 


tf 
fall time 
- 
- 
32 
ns 


tCY 
bit clock cycle time 
108 
- 
- 
ns 


tHB 
bit clock HIGH time 
22 
- 
- 
ns 


tLB 
bit clock LOW time 
22 
- 
- 
ns 


tSU;DAT 
data set-up time 
32 
- 
- 
ns 


tHD;DAT 
data hold time to bit clock 
note 6 
2 
- 
- 
ns 


tHD;WS 
word select hold time 
note 6 
2 
- 
- 
ns 


tsu;WS 
word select set-up time 
32 
- 
- 
ns 


1. Measured 
at IAOL= 0 mA and IAOR= 0 mA (code 8000H) and Ibias = 0 mA. 


2. Vripple = 1% of supply voltage and frippIe = 100 Hz. 
3. 
Measured 
with 1 kHz sinewave 
generated 
at a sampling 
rate of 192 kHz. 


4. 
Measured 
with 1 kHz full scale sinewave generated 
at a sampling 
rate of 192 kHz. 


5. At code OOOOH. 


6. At this point tHD;DAT= 0 ns, this value has been fixed on 2 ns due to tolerances. 


Philips Components 


Dual 16-bit DAC (economy version) 
(128 input format) 


DATA -----x------~X----L-SB--C'"~k= 


-----. 
'------~ 
'------~ 
7Z96819.1 


---------RI-GH-T----~'~ 


Dual 16-bit DAC (economy version) 
(125 input format) 


- 20 
THO 


(dB) 


-30 


-40 


-so 


-60 


-70 


-80 


'7 
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10 
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Notes to Fig.6 


• The sample frequency 
4FS: 176.4 kHz. 


• The supply voltage at the measurement 
= + 5 V (DC). 


• 
Ref: 0 dB is the output 
level of a full scale digital sine wave stimulus. 


• The graphs are constructed 
from average values of a small amount of engineering 
samples 
therefore 
no guarantee 
for typical values is implied. 


• The arrows indicate the specification 
limits for 0 dB and -60 dB level signals. 


GENERAL 
DESCRIPTION 


The TDA 1543A is a monolithic 
integrated dual 16-bit digital-to-analogue 
converter (DAC) designed as 
an economy version for use in hi-fi digital audio equipment such as Compact Disc players, digital tape 
or cassette recorders, digital sound in television systems and digital amplifiers. 


Features 


• 
Low distortion 
• 
High dynamic range 
• 
16-bit resolution 
• 
4 x oversampling possible 
• 
Single 5 V power supply 
• 
No external components required 
• 
No requirement for external deglitcher circuitry 
due to fast settling output 
current 
• 
Adjustable 
bias current 
• 
Internal timing and control 
circuits 
• 
Japanese-input format: 
time multiplexed, 
two's complement, 
TTL 


parameter 
symbol 
min. 
typo 
max. 
unit 


Supply voltage 
VDD 
3.0 
5.0 
8.0 
V 


Supply current 
IDD 
- 
50 
60 
I mA 


Total harmonic distortion 
(including 
noise) 
(D + N)/S 
- 
-75 
-70 
dB 
- 
0.018 
0.032 
% 
Current settling time to ± 1 LSB 
tcs 
- 
0.5 
- 
IJ.S 


Input bit rate at data input (pin 3) 
BR 
- 
- 
9.2 
Mbitsls 


Clock frequency at clock input (pin 1) 
fBCK 
- 
- 
9.2 
MHz 


Signal-to-noise ratio at bipolar zero 
SIN 
90 
95 
- 
dB 


Full scale temperature coefficient 
at analogue outputs 
(AOL; AoR) 
TCFS 
- 
- 500 X 10-6 - 
K-' 


Operating ambient temperature 
range 
Tamb 
-30 
- 
+85 
°C 
Total power dissipation 
Ptot 
- 
250 
- 
mW 
Bias cu rrent 
Ibias 
-0.6 
- 
5.0 
mA 


CONTROL 
• 
TIMING 


(1) Optional. 
(2) 2 x 1/2 NE5532. 


PINNING 


1 
BCK 


2 
WS 


3 
DATA 


4 
GND 


5 
VDD 
6 
ADL 


7 
V ref 


8 
ADR 


bit clock input 


word select input 


data input 


ground 


+ 5 V supply voltage 


left channel output 


reference voltage output 


right channel output 


BCK 
WS 


DATA 


FUNCTIONAL 
DESCRIPTION 


The TDA 1543A accepts 
input serial data formats 
in two's 
complement 
with any bit length. 
Left and 
right data words are time multiplexed. 
The most significant 
bit (bit 1) must always be first. The format 
of data input 
is shown 
in FigA and Fig.5. 


The high maximum 
input bit-rate 
and fast settling 
current 
facilitates 
application 
in 4 x oversampling 
systems. 
An adjustable 
current 
is added to the output 
currents 
to bias output 
operational 
amplifiers 
(OP1; OP2) for maximum 
dynamic 
range (see Fig.1). 


With a LOW level on the word select (WS) input data is placed 
in the right input register and with a 
HIGH level on the WS input data is placed 
in the left input register. 
The data in the input registers 
is 
simultaneously 
latched 
in the output 
registers which control 
the bit switches. 


The output 
current 
of the DAC is a sink current. 
The current 
Iref at the Vref output 
is adjusted 
by 
a resistor 
or a current 
source. 
The current 
Iref is amplified 
with gain Albias to the bias currents 
(ISL; ISR) which are added to the output 
currents. 


RATINGS 


Limiting values in accordance 
with the Absolute 
Maximum 
System 
(IEC 134) 


I 
parameter 
symbol 
min. 
max. 
unit 


I 
Supply 
voltage 
range 
VDD 
0 
9 
V 


I 
Crystal temperature 
TXTAL 
- 
150 
°C 


I 


Storage 
temperature 
range 
Tstg 
-65 
+ 150 
°C 


Operating 
ambient 
temperature 
range 
Tamb 
-30 
+85 
°C 


Electrostatic 
handling 
* 
Yes 
-1000 
+ 1000 
V 


CHARACTERISTICS 


VOO = 5 V; Tamb = + 25 °C; Iref = 0 mA; measured in the circuit 
of Fig.l; unless otherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


I 


Supply 


Supply voltage range 
VOO 
3.0 
5.0 
8.0 
V 


I 


Supply current 
note 1 
100 
- 
50 
60 
mA 


Ripple rejection 
note 2 
RR 
- 
50 
- 
dB 


Inputs 


Input current pins 
(1,2and3) 
digital inputs LOW 
VI = 0.8 V 
IlL 
- 
- 
-0.4 
mA 
digital inputs HIGH 
VI = 2.0 V 
IIH 
- 
- 
20 
jJ.A 


Input frequency/bit 
rate 
clock input pin 1 
fBCK 
- 
- 
9.2 
MHz 
bit rate data input pin 3 
BR 
- 
- 
9.2 
Mbitsls 


I 
word select input pin 2 
fWS 
- 
- 
192 
kHz 


Input capacitance of 
digital inputs 
CI 
- 
* 
- 
pF 


Analogue outputs 
(AOL;AOR) 


Resolution 
Res 
- 
- 
16 
bits 


Output voltage compliance 
AC 
VOC(AC) 
- 
± 25 
- 
mV 
DC 
VOC(OC) 
1.8 
- 
VOO-l.2 
V 


Full scale current 
IFS 
1.95 
2.3 
2.65 
mA 


Full scale temperature 
coefficient 
TCFS 
- 
- 500 X 10-6 - 
K-' 


Offset cu rrent 
Iref = 0 mA; 
VAO = Vref 
Ioffset 
-0.1 
0 
0.1 
mA 


Bias current (adjustable) 
Ibias 
-0.6 - 
5.0 
mA 


Bias current gain 
Albias 
1.9 
2.0 
2.1 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


I 


Analogue output 
(Vref) 


Reference voltage output 
Vref 
2.1 
2.2 
2.3 
V 


I 
I 


Reference current output 
Iref 
-0.3 
- 
2.5 
mA 


I 
Total harmonic distortion 


I 


(including 
noise) 
note 3 
(0 + N)/S 
- 
-75 
-70 
dB 


- 
0.018 
0.032 
% 


I 
Settling time ± 1 LSB 
tes 
- 
0.5 
- 
J.Ls 


i 
Channel separation 
IX 
84 
90 
- 
dB 


I 


Unbalance between outputs 
note 3 
IdlOI 
- 
<0.2 
0.3 
dB 


I 
Time delay between outputs 
td 
- 
<0.2 
- 
J.Ls 


I 
Signal-to-noise ratio at bipolar zero 
note 4 
SIN 
90 
95 
- 
dB 


I 
Timing 
FigA 


I 


I 


Rise time 
tr 
- 
- 
32 
ns 


Fall time 
tf 
- 
- 
32 
ns 


Bit clock cycle time 
tCY 
108 
- 
- 
ns 


I 


Bit clock HIGH time 
tHB 
22 
- 
- 
ns 


I 


Bit clock LOW time 
tLB 
22 
- 
- 
ns 


Data set-up time 
tsu; 
OAT 
32 
- 
- 
ns 


Data hold time to bit clock 
tHO; OAT 
2 
- 
- 
ns 


Word select hold time 
tHO;WS 
2 
- 
- 
ns 


Word select set-up time 
tsu;ws 
32 
- 
- 
ns 


Notes to the characteristics 


1. Measured at IAOL = 0 mA and 'AOR = 0 mA (code 8000H) and Ibias = 0 mA. 


2. Vripple = 1% of supply voltage and fripple = 100 Hz. 


3. With 1 kHz full scale sinewave generated at a sampling rate of 192 kHz. 


4. At code OOOOH. 


DATA~X~LS_B 
X 
MSB 
:: 


DATA ~~ 
"S_8 
~Y:XXXJ2X~ 
"S_8 
Y:XX~ 


JUUUl 


________ 
R_'G_HT 
~~ 


Stereo continuous 
calibration 


DAC 


Preliminary 
Specification 


GENERAL 
DESCRIPTION 


The TOA 1545 is the first device of a 
new generation 
of the 
digital-ta-analog 
convertors 
which 
embodies 
the innovative 
technique 
of continuous 
calibration. 
The 
largest 
bit-currents 
are repeatedly 
generated 
by one single current 
reference 
source. 
This duplication 
is 
based upon an internal 
charge 
storage 
principle 
having an accuracy 
insensitive 
to ageing, 
temperature, 
matching 
and process 
variations. 


The TOA 1545 is fabricated 
in a 1.0 
~m CMOS 
process 
and features 
an 
extremely 
low power dissipation, 
small package 
size and easy 
application. 
Furthermore, 
the 
accuracy 
of the high coarse current 
combined 
with the implemented 
symmetrical 
offset decoding 
method 
preclude 
zero-crossing 
distortion 
and ensures 
high quality audio 
reproduction. 
Therefore, 
the 
continuous 
calibration 
digital-ta-analog 
convertor 
is 
eminently 
suitable 
for use in 
(portable) 
digital audio equipment. 


• 
Space saving package 
(S08 
or 
OIL8) 


• 
Low power consumption 


• 
Low total harmonic 
distortion 


• Wide dynamic 
range (16-bit 


resolution) 


• Continuous 
calibration 
concept 


• 
Easy application: 
single 3 to 
5.5 V rail power supply and 
output- and bias current 
are 


proportional 
to the supply voltage 


• 
Fast settling time permits 
2 x, 4 x 


and 
8 x oversampling 
(serial 


input) or double 
speed operation 


at 4 x oversampling 


• 
Intemal 
bias current 
ensures 


maximum 
dynamic 
range 


• Wide operating 
temperature 


range of -40 
°C to 85°C 


• 
Intemal 
timing and control circuits 


• Compatible 
with most of the 
Japanese 
input formats: 
time 


multiplexed, 
two's complement, 


TIL 


• 
No zero crossing 
distortion 


EXTENDED 
PACKAGE 
TYPE 
NUMBER 
PINS 
PIN POSmON 
MATERIAL 
CODE 


TOA1545 
8 
OIL 
plastic 
SOT97 


TOA1545T 
8 
mini-pack 
plastic 
S08; 
SOT96A 


SYMBOL 
PIN 
DESCRIPTION 


BCK 
1 
bit clock input 


WS 
2 
word select input 


DATA 
3 
data input 


GNO 
4 
ground 


Voo 
5 
positive supply voltage 


101.. 
6 
left channel 
output 


Vre, 
7 
reference 
voltage output 


lOR 
8 
right channel 
output 


SYMBOL 
PARAMETER 
MAX. 
UNIT 


F\t, j-e 
from junction-to-ambient 
OlL8 
100 
KIW 


S08 
210 
KIW 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
supply voltage 
3 
5 
5.5 
V 


100 
supply current 
Voo = 5 V, 
- 
3.0 
4.0 
mA 


at code OOOOH 


IFs 
full scale output current 
Voo = 5 V 
0.9 
1.0 
1.1 
mA 


IFs 
full scale output current 
Voo = 3 V 
- 
0.6 
- 
mA 


including 
noise at 
- 
-85 
-78 
dB 
THO 
total harmonic 
distortion 
OdB 
- 
0.005 
0.01 
0/0 


including 
noise at 
- 
-30 
-24 
dB 
THO 
total harmonic 
distortion 
-60 dB 
- 
3 
6 
% 


including 
noise at 
- 
-33 
· 
dB 


~O dB, A-weigthing 
- 
2 
- 
% 


THO 
total harmonic 
distortion 
R3=R4=11kQ 
see Fig.2; 
- 
1 
- 
0/0 


IFs= 2 mA 


SIN 
signal-to-noise 
ratio 
A-weighting, 
86 
92 
- 
dB 
at bipolar zero 
at code OOOOH 


R3 = R4 = 11 kO 


SIN 
signal-to-noise 
ratio at bipolar zero 
see Fig.1; 
- 
95 
- 
dB 


IFS= 2 mA 


tes 
current 
settling time to ±1 LSB 
- 
0.2 
· 
liS 


BR 
input bit rate at data input 
- 
- 
18.4 
Mbits/s 


fecK 
clock frequency 
at clock input 
- 
- 
18.4 
MHz 


TCFs 
full scale temperature 
coefficient 
- 
±400 
- 
10-6 


at analog outputs 
(10(.; lOR) 


Ptot 
total power dissipation 
Voo= 5 V, 
15 
20 
mW 
at code OOOOH 
- 


Plot 
total power dissipation 
Voo =3 
V, 
6.0 
mW 
at code OOOOH 
- 
· 


Tamb 
operating 
ambient 
temperature 
range 
-40 
- 
+85 
°C 


LIMITING 
VALUES 
In accordance 
with the Absolute 
Maximum 
System 
(IEC 134) 


SYMBOL 
PARAMETER 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
Vp 
positive 
supply voltage 
. 
- 
6 
V 


TSlg 
storage 
temperature 
range 
-55 
- 
+150 
°C 


T XTAL 
maximum 
crystal temperature 
- 
· 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
range 
-40 
· 
+85 
°C 


Yes 
electrostatic 
handling 
see note 1 
-2000 
· 
+2000 
V 


Note to the limiting values 


1 Equivalent 
to discharging 
a 100 pF capacitor 
through 
a 1.5 kO series resistor. 


R4 
Vrel 


3J kU 
(E24) 
+ 
C4 


(E24) 
~ 
kU J;' IJF 


CONTROL 
• 
TIMING 


Philips Semiconductors 


The basic operation 
of the 


continuous 
calibration 
DAC is 


illustrated 
in Fig. 3. The figure shows 


the calibration 
principle 
(Fig.3a) 
and 
operation 
principle 
(Fig.3b). 
During 
calibration 
of the MOS current 


source 
(Fig.3a) transistor 
M1 is 
connected 
as a diode by applying 
a 


reference 
current. 
The voltage Vgs 
on the intrinsic gate-source 
capacitance 
CgSof M1 is then 


determined 
by the transistor 


characteristics. 
After calibration 
of 


the drain current to the reference 
value Irel,the switch S1 is opened 
and S2 is switched 
to the other 
position 
(Fig.3b). 
The gate-to-source 


voltage 
Vgsof M1 is not changed 
because 
the charge 
on CgSis 
preserved. 
Therefore 
the drain 


current 
of M1 will still be equal to Irel 


and this exact duplicate 
of Irefis now 
available 
at the lootterminal. 
The 32 


current 
sources 
and the spare 


current 
source of the TDA 1545 are 


continuously 
calibrated 
(see Fig.2). 
The spare current 
is included 
to 


allow for continuous 
convertor 
operation. 
The output of one 
calibrated 
source is connected 
to an 
11-bit binary current divider 
consisting 
of 2048 transistors. 
A 
symmetrical 
offset decoding 
principle 
is incorporated 
and 
arranges 
the bit switching 
in such a 
way that the zero-crossing 
is 
performed 
only by the LSB currents. 
The TDA 1545 accepts 
input serial 
data formats 
of 16-bit word length. 


Left and right data words are time 
multiplexed. 
The most significant 
bit 
(bit 1) must always 
be first. The 
format 
of data input is shown in 
Fig.4 and Fig.5. With a LOW level 
on the word select input (WS) input 
data is placed in the right input 
register and with a HIGH level on 
the WS input data is placed in the 
left input register. The data in the 
input registers 
is simultaneously 
latched 
in the output 
registers 
which 
control the bit switches. 
An internal 
bias current 
lbias(see ISL and ISA in 
Fig.2) is added to the full scale 
output current 
IFS in order to achieve 


the maximum 
dynamic 
range at the 
outputs of OP1 and OP2 (see Fig.2). 
The reference 
input current 
Irel 
controls 
with gain AFS the current 
IFS 


which is a sink current and with gain 
A"iaSthe lbiaswhich is a source 
current 
(note 1). The current 
Irefis 


proportional 
to Voo so the IFS and Ibias 


will be proportional 
to Voo as well 
(note 2) because 
AFS and A"iosare 


constant. 
The reference 
output 
voltage 
V,e' in Fig.2 is 2/3 Voo' In this 
way the maximum 
dynamic 
range is 
achieved 
over the entire power 
supply range. The tolerance 
of the 


reference 
input current 
in Fig.2 
depends 
on the tolerance 
of the 
resistors 
A3, A4 and Are! (note 3). 


Note 1: 
IFS = AFS 
• Ire!and Ibios= 


A"ios' Irel 


Note 2: 
VDD1 
'FS1 
'bioS' 


Vo02 = '= = 'biss2 


Note 3: 
d 'ref = 


Vaa 


'ref 
R3 + 
d R3 + R4 + 
d R4 + R 


out 


~ I ref 
I ref 


S2 


81 
G 
+ 
r 
Vgs 
Vgs 
Cgs 
Cgs 


MCD289 
(a) 
(b) 


CHARACTERISTICS 
Voo = 5 V; Tarrt>= +25 °C; I,., = 0 mA; measured 
in the circuit of Fig.1; unless otherwise 
specified 


SYMBOL 
PARAMETER 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
supply voltage 
range 
3.0 
5.0 
5.5 
V 


100 
supply current 
note 1 
. 
3.0 
4.0 
mA 


RR 
ripple rejection 
note 2 
- 
30 
- 
dB 


Digital 
inputs 
(WS; 
BCK; 
DATA) 
II,d 
input leakage 
current 
LOW 
VI = 0.8 V 
- 
- 
10 
llA 


II/HI 
input leakage 
current 
HIGH 
VI = 2.4 V 
. 
- 
10 
llA 


fecK 
clock input pin 1 
- 
- 
18.4 
MHz 


BR 
bit rate data input pin 3 
- 
- 
18.4 
Mbits/s 


fws 
word select input pin 2 
- 
- 
384 
kHz 


Timing 
(Fig.4) 
t 
rise time 
- 
- 
12 
ns 
t 
fall time 
- 
- 
12 
ns 


lev 
bit clock cycle time 
54 
. 
- 
ns 


tHe 
bit clock HIGH time 
15 
- 
- 
ns 


tt.e 
bit clock LOW time 
15 
- 
- 
ns 


lsu:oAT 
data set-up time 
12 
- 
- 
ns 


tHO:OAT 
data hold time to bit clock 
2 
- 
- 
ns 


tHo:ws 
word select hold time 
2 
- 
- 
ns 


Isuws 
word select set-up time 
12 
- 
- 
ns 


Analog 
input 
(I",,) 


R"" 
reference 
resistor 
(see Fig.2) 
7.4 
11.0 
14.6 
kQ 


Analog 
outputs 
(IOL; lOR) 


Res 
resolution 
- 
- 
16 
bits 


Vocc 
DC output 
voltage compliance 
2.0 
- 
Voo-1 
V 


IFs 
full scale current 
0.9 
1.0 
1.1 
mA 


TcFs 
full scale temperature 
coefficient 
- 
±400 
- 
10-6 


It>as 
bias current 
(adjustable) 
643 
714 
785 
llA 


AFS 
reference 
input current to full scale output 
12.8 
13.2 
13.6 
current 
gain 
At>.. 
reference 
input current to bias current 
gain 
9.14 
9.42 
9.7 


including 
- 
-85 
-78 
dB 


THO 
total harmonic 
distortion 
noise at 0 dB; 
note 3, Fig.6 
- 
0.005 
0.01 
% 


including 
- 
-30 
-24 
dB 


THO 
total harmonic 
distortion 
noise at 
-60 
dB; note 
- 
3 
6 
0/0 


3, Fig.6 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


inclUding 
- 
-33 
- 
dB 
noise at-BO 
dB, 
- 
2 
- 
% 


THO 
total harmonic 
distortion 
A-weigthing 


R3 = R4 = 11 
kQ 
1 
% 
see Fig.2; 
- 
- 


IFs= 2 mA 


including 
- 
-81 
-70 
dB 


THO 
total harmonic 
distortion 
noise at 0 dB; 
note 4 
- 
0.009 
0.03 
% 


tcs 
settling 
time ±1 LSB 
- 
0.2 
- 
lls 


a 
channel 
separation 
86 
95 
- 
dB 


I dIDI 
unbalance 
between 
outputs 
note 3 
- 
0.2 
0.3 
dB 


I tdl 
time delay between 
outputs 
- 
±0.2 
- 
lls 


at bipolar 


SIN 
signal-to-noise 
ratio (A-weighting) 
zero; 
86 
92 
- 
dB 


note 1 


at bipolar 


SIN 
signal-to-noise 
ratio (A-weighting) 
zero; 
- 
95 
- 
dB 


note 5 


Notes to the characteristics 


1 At code OOOOH 


2 Vr~ple 
= 1% of supply voltage 
and f.we 
= 100 Hz. 


3 Measured 
with 1 kHz sinewave 
generated 
at a sampling 
rate of 192 kHz. 


4 Measured 
with 1 kHz sinewave 
over a 20 Hz to 20 kHz bandwidth 
generated 
at a sampling 
rate of 192 kHz. 


5 R3 = R4 = 11 kQ; see Fig.2; IFS = 2 mA 


DATA~X_L_S8 x~"'" 
::E. C 


DATA 
~ 
M_SB 
YJ:XxY2A 
M_S_B 
'!CXX~ 


-r-_ 
(1) 


- 
(2) 


-20 
THO 
(dB) 


-30 


(1) Measured 
including 
all distortion 
plus noise at a level of -60 dB 


(2) Measured 
including 
all distortion 
plus noise at a level of -0 dB 


The sample frequency 
4FS: 176.4 kHz 


The graphs are constructed 
from average 
values of a small amount 
of engineering 
samples 
therefore 
no 


guarantee 
for typical values is implied 


-100 


THO 
(dB) 
/ 
/ 
/ 
/ 
/ 
/ 


1/ 
/ 
/ 


The sample 
frequency 
4FS: 176.4 kHz 


The graphs are constructed 
from average 
values of 
a small amount 
of engineering 
samples 
therefore 
no guarantee 
for typical values 
is implied 


Fig.7 
Distortion 
as a function 
of signal level 
(4FS). 


-50 


THO 
(dB) 


-60 
, 


\ 


\ (2) 


\. 
\ 


(1) 


-100 
1 
2 
3 
4 
5 
6 


VOO(V) 


(1) Measured 
withif1 the specified 
operating 
supply 


voltage 
range 


(2) Measured 
outside the specified 
operating 


supply voltage 
range 


The sample frequency 
4FS: 176.4 kHz 


The graphs are constructed 
from average 
values 


of a small amount 
of engineering 
samples 


therefore 
no guarantee 
for typical values 
is implied 


Fig.8 
Distortion 
as a function 
of supply voltage 


VOD (4FS). 


Dual top-performance 
bitstream 


DAe 


preliminary 
specification 


• Top-grade 
audio performance 


very low harmonic 
distortion 


high signal-to-noise 
ratio 


wide dynamic 
range of 
approximately 
108 dB (not 
A-weighted) 


• 
High crosstalk 
immunity 


• 
Bitstream 
concept 


- 
high over-sampling 
rate up to 
192 fs 
pulse-density 
modulation 


inherently 
monotonic 


no zero-crossing 
distortion 


GENERAL 
DESCRIPTION 


The TDA 1547 is a dedicated 
one-bit 
digital-to-analog 
converter 
to 
facilitate 
a high fidelity 
sound 
reproduction 
of digital audio. The 
TDA 154 7 is extremely 
suitable 
for 
use in high quality audio systems 
such as Compact 
Disc and DAT 
players, 
or in digital amplifiers 
and 


digital signal processing 
systems. 
The TDA1547 
is used in 
combination 
with the SAA7350 


bitstream 
circuit, which includes 
the 


third-order 
noise shapero The 
excellent 
performance 
of the 
SAA7350 
and TDA1547 
bitstream 


conversion 
system 
is obtained 
by 
separating 
the noise shaping 
circuit 
and the one-bit 
conversion 
circuit 
over two IC's, thereby 
reducing 
the 
crosstalk 
between 
the digital and 


analog 
parts. The TDA 1547 one-bit 
converter 
is processed 
in BIMOS. 
In 
the digital logic and drivers 
bipolar 
transistors 
are used to optimize 
speed and to reduce digital noise 
generation. 
In the analog 
part the 
bipolar transistors 
are used to obtain 
high performance 
of the operational 
amplifiers. 
Special 
layout 
precautions 
have been taken to 


achieve 
a high crosstalk 
immunity. 
The layout of the TDA 154 7 has fUlly 
separated 
left and right channels 


1111111111111 
"W 
I 
IIIIIIIIIIIIIIIIIII! 
BITSTREAM 
CONVERSION 


EXTENDED 
TYPE 
NUMBER 


TDA1547 


PINS 


32 


PIN POSITION 


SDIL 


CODE 


SOT232A 


VSUB 


vSSD 


IN L 


n.c. 


CLK L 


VDDDL 


VSSD 
L 


Vref 
L 


AGNDDAC 
L 


-DAC 
L 


+ DAC 
L 


AGNDL 


n.C. 


+OUTL 


-OUT 
L 


VDDA 


MC0294 


and supply voltage 
lines between 


the digital and analog 
sections. 


Dual top-performance 
bitstream 
DAC 


SYMBOL 
PIN 
DESCRIPTION 


DGND 
1 
o v digital supply 


VDDD 
2 
5 V digital supply for both channels 


IN R 
3 
serial one-bit data input for the right channel 


n.c. 
4 
pin not connected; 
should preferably 
be connected 
to digital ground 


ClK 
R 
5 
clock input for the right channel 


VDDD R 
6 
5 V digital supply for the right channel; 
this voltage determines 
the internal 


logic HIGH level in the right channel 


VSSDR 
7 
-3.5 V digital supply for the right channel; 
this voltage determines 
the internal 


logic lOW 
level in the right channel 


Vre'R 
8 
.-4 V reference 
voltage 
for the right channel 
switched 
capacitor 
DAC 


AGND 
DAC R 
9 
o V reference 
voltage 
for the right channel 
switched 
capacitor 
DAC; this pin 


should be connected 
to analog ground 


-DAC 
R 
10 
output from the right negative 
switched 
capacitor 
DAC; feedback 
connection 


for the right negative 
operational 
amplifier 


+DAC R 
11 
output from the right positive 
switched 
capacitor 
DAC; feedback 
connection 


for the right positive operational 
amplifier 


AGND 
R 
12 
o V reference 
voltage for both right channel 
operational 
amplifiers 


n.c. 
13 
pin not connected; 
should preferably 
be connected 
to analog 
ground 


+OUT R 
14 
+ output of the switched 
capacitor 
operational 
amplifier 


-OUT 
R 
15 
- output of the switched 
capacitor 
operational 
amplifier 


VSSA 
16 
-5 V analog 
supply 


VDDA 
17 
5 V analog 
supply 


-OUT 
l 
18 
- output of the switched 
capacitor 
operational 
amplifier 


+OUT l 
19 
+ output of the switched 
capacitor 
operational 
amplifier 


n.c. 
20 
pin not connected; 
should preferably 
be connected 
to analog 
ground 


AGND 
l 
21 
o V reference 
voltage 
for both left channel 
operational 
amplifiers 


+DAC l 
22 
output from the left positive 
switched 
capacitor 
DAC; feedback 
connection 
for 


the left positive operational 
amplifier 


-DAC 
l 
23 
output from the left negative 
switched 
capacitor 
DAC; feedback 
connection 


for the left negative 
operational 
amplifier 


AGND 
DAC l 
24 
o V reference 
voltage 
for the left channel 
switched 
capacitor 
DAC; this pin 


should be connected 
to analog ground 


Vre'L 
25 
-4 
V reference 
voltage 
for the left channel 
switched 
capacitor 
DAC 


VSSD L 
26 
-3.5 V digital supply for the left channel; 
this voltage determines 
the internal 


logic lOW 
level in the left channel 


VDDD L 
27 
5 V digital supply for the left channel; 
this voltage determines 
the internal 


logic HIGH level in the left channel 


Dual top-performance 
bitstream 
DAC 


SYMBOL 
PIN 
DESCRIPTION 


elK l 
28 
clock input for the left channel 


n.c. 
29 
pin not connected; 
should 
preferably 
be connected 
to digital ground 


INl 
30 
serial one-bit 
data input for the left channel 


VSSD 
31 
-5 V digital supply for both channels 


VSUB 
32 
-5 V substrate 
voltage 


SYMBOL 
PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Supply 
voltages 


VDDD 
L. R 
positive 
digital supply voltage 
4.5 
5.0 
5.5 
V 
for one channel; 
pins 27 and 6 


VDDD 
digital supply voltage 
for both 
4.5 
5.0 
5.5 
V 
channels; 
pin 2 


VSSDL.R 
negative 
digital supply 
-4.0 
-3.5 
-3.0 
V 
voltage 
for one channel; 


pins 26 and 7 


VSSD 
negative 
digital supply 
-5.5 
-5.0 
-4.5 
V 
voltage 
for both channels; 
pin 
31 


VDDA 
positive 
analog 
supply 
4.5 
5.0 
6 
V 
voltage; 
pin 17 


VSSA 
negative 
analog 
supply 
-6.0 
-5.0 
-4.5 
V 
voltage; 
pin 16 


Supply 
current 


IDDD L. R 
positive digital supply current 
- 
0.1 
- 
mA 
for one channel; 
pins 27 and 6 


IDDD 
digital supply current 
for both 
- 
29.0 
- 
mA 
channels; 
pin 2 


ISSD L. R 
negative 
digital supply 
- 
-0.1 
- 
mA 
current for one channel; 
pins 26 and 7 


IsSD 
negative 
supply current 
for 
- 
-28.0 
- 
mA 
both channels; 
pin 31 


IDDA 
positive analog 
supply 
51.0 
- 
mA 
current; 
pin 17 


IsSA 
negative 
analog 
supply 
- 
-51.0 
- 
mA 
current; 
pin 16 


P10l 
total power dissipation 
800 
- 
mW 


VOUTIRMSI 
output voltage 
(RMS value) 
fCLK = 8.46 MHz; 
0.85 
1.0 
1.15 
V 
notes 1 and 2 


Dual top-performance 
bitstream 


DAC 


SYMBOL 
PARAMETER 
CONDITION 
MIN 
TYP 
MAX 
UNIT 


Supply 
current 


(THO + N)/S 
THO + Noise; 0 dB 
1 kHz; 
- 
-101 
-96 
dB 


notes 2 and 3 
- 
0.0009 
0.0016 
% 


(THO + N)/S 
THO + Noise; 0 dB 
f = 20 Hz to 20 
- 
-101 
- 
dB 


kHz; notes 2 and 4 
- 
0.0009 
- 
% 


(THO + N)/S 
THO + Noise; -20 dB 
f = 1 kHz; 
- 
~8 
~ 
dB 


notes 2 and 3 


(THO + N)/S 
THO + Noise; -60 dB 
f = 1 kHz; 
- 
-48 
-44 
dB 


notes 2 and 3 


SIN 
signal-to-noise 
ratio 
pattern 0101..; 
109 
111 
- 
dB 


notes 2 and 5 


SIN 
signal-to-noise 
ratio; 
pattern 0101 ..; 
- 
113 
- 
dB 
"A' -weighting 
notes 2 and 5 


fCLK 
maximum 
clock frequency 
- 
- 
10 
MHz 


a 
channel 
separation 
f = 1 kHz 
101 
115 
- 
dB 


Tamb 
operating 
ambient 
-20 
- 
70 
°C 
temperature 


1. Output 
level tracks 
linearly with both the clock frequency 
and the reference 
voltage 
(Vre/ 
L or V'e4 R) 


2. Device measured 
in differential 
mode with external 
components 
as shown in Fig.5. 


3. Measured 
with a one-bit 
data signal generated 
by the SAA7350 
from an 8 f. (352.8 kHz), 20-bit, 
1 kHz digital 
sinewave. 
Measured 
over a 20 Hz to 20 kHz bandwidth. 


4. Measured 
with a one-bit data signal generated 
by the SAA7350 
from an 8 f. (352.8 kHz), 20-bit, 20 Hz to 20 kHz 
digital sinewave. 
Measured 
over a 20 Hz to 20 kHz bandwidth. 


5. The specified 
signal-to-noise 
ratio includes 
noise introduced 
by the application 
components 
as shown in Fig.5. 


Both channels 
are completely 
separated 
to reach the desired 
high 


crosstalk 
suppression 
level. 


Each channel 
consists 
of the 
following 
functional 
parts: 


One-bit 
input, which latches the 
incoming 
data to the system 
clock. 


Switch driver circuit, which 
generates 
the non-overlapping 
clock- and data-signals 
that 
control 
the DAC switched 
capacitor 
networks. 


Switched 
capacitor 
network, 
this 
forms the actual OAC function, 
it 
supplies 
charge 
packets 
to the 
low-pass 
filter, under control of 
the incoming 
one-bit 
code. 


Two high performance 
operational 
amplifiers, 
that 


perform 
the charge 
packet to 


voltage conversion 
and deliver a 


differential 
output signal. The first 


pole of the low-pass 
filter is built 


around them. 


PARAMETER 


from junction 
to ambient 


VSSD 
VDDD 
L 
Vref L 
negative 
DAC 
AGND 
L 
VDDA 
(-5 
V) 
n.c. 
(+5 V) 
(-4 
V) 
output 
(OV) 
positive 
output 
(+5 V) 


VSUB 
data 
clock 
VSSD 
L 
AGND 
DAC L 
posrtive 
DAC 
(-5 
V) 
input left 
input left 
(-3.5 
V) 
(0 V) 
output 
n.C. 
negative 
output 


32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 


SWITCHED 
CAPACITOR 
NETWORK 


~ 
m 


TDA1547 
ONE-BIT 
SWITCH 


INPUT 
DRIVERS 


2 
3 
4 
6 
7 


(OV) 
data 
clock 
(-35 
V) 


DGND 
input right 
input right 
VSSD R 


(+5 V) 
n.C. 
(+5 V) 
VDDD 
VDDD 
R 


(0 V) 
positive 
DAC 
I 


AGND 
DAC R 
output 


(- 4 V) 
negative 
DAC 
(0 V) 


V ref R 
output 
AGND 
R 


(- 5 V) 
VSSA 


Dual top-performance 
bitstream 
DAC 


UMITING 
VALUES 
In accordance 
with the Absolute 
Maximum 
System 
(IEC 134) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
MAX. 
UNIT 


VSUB 
negative 
substrate 
voltage; 
pin 32 
note 1 
-7.0 
- 
V 


VOOOL.A 
positive 
digital supply voltage; 
- 
5.5 
V 


pins 27 and 6 


Vooo 
positive digital supply voltage; 
- 
5.5 
V 


pin 2 


VSSOL.A 
negative 
digital supply voltage; 
-4.0 
- 
V 


pins 26 and 7 


Vsso 
negative 
digital supply voltage; 
-5.5 
- 
V 


pin 31 


VOOA 
positive 
analog supply voltage; 
- 
6.0 
V 


pin 17 


VSSA 
negative 
analog 
supply voltage; 
-6.0 
- 
V 
pin 16 


VOOOL,A- 
supply voltage 
difference 
between 
- 
9.0 
V 


VSSOL.A 
pins 27, 6 and pins 26, 7 


PIoI 
total power dissipation 
Tomb= 70°C 
- 
1300 
mW 


Vref L. A 
input reference 
voltage; 
pins 25 
-6.0 
V 


and 8 


VCU< L. A 
input voltage clock; pins 28 and 5 
-0.5 
Vooo+0.5 
V 


V,L 
input voltage 
channel; 
pin 30 
-0.5 
Vooo+0.5 
V 


VI A 
input voltage channel; 
pin 3 
-0.5 
Vooo+0.5 
V 


Tamb 
operating 
ambient 
temperature 
-20 
70 
°C 


Tslg 
storage 
temperature 
-40 
150 
°C 


TXTAL 
maximum 
crystal temperature 
- 
150 
°C 


YES 
electrostatic 
handling 
note 2 
- 
2000 
V 


Notes to the limiting values 


1. The substrate 
voltage 
must be lower than or equal to the lowest supply voltage. 


2. Equivalent 
to discharging 
a 100 pF capacitor 
through 
a 1.5 kil 
series resistor. 


Dual top-performance bitstream 
DAC 


CHARACTERISTICS 


Vooo• 
VOOO L. R. VOOA = +5 V; VSSO• VSSA = -5 V. Vsso 
L, R = -3.5 V; Vref L. R = -4 V; Tant>= 25°C; fCLK = 8.46 MHz; unless 


otherwise 
specified 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SUPPLY 


VSUB 
negative 
substrate 
voltage; 
note 1 
-7.0 
- 
-4.5 
V 


pin 32 


Vooo 
L. R 
positive digital supply voltage 
for one 
4.5 
5.0 
5,5 
V 
channel; 
pins 27 and 6 


Vooo 
digital supply voltage 
for both 
4.5 
5.0 
5.5 
V 


channels; 
pin 2 


VSSOL.R 
negative 
digital supply voltage 
for one 
-4.0 
-3.5 
-3.0 
V 
channel; 
pins 26 and 7 


Vsso 
negative 
digital supply voltage 
for 
-5.5 
-5.0 
-4.5 
V 
both channels; 
pin 31 


VOOA 
positive analog 
supply voltage; 
pin 17 
4.5 
5.0 
6,0 
V 


VSSA 
negative 
analog 
supply voltage; 
pin 16 
-6.0 
-5.0 
-4.5 
V 


Vooo 
L. R - 
supply voltage 
difference 
between 
- 
- 
9.0 
V 


VSSOL.R 
pins 27. 6 and 
pins 26. 7 


Vsso 
L. R - Vsso 
supply voltage 
difference 
between 
1.3 
- 
- 
V 
pins 26. 7 and pin 31 


1000 L. R 
positive digital supply current for one 
- 
0.1 
- 
mA 


channel; 
pins 27 and 6 


1000 
digital supply current 
for both 
29.0 
46 
mA 
channels; 
pin 2 


IsSD L. R 
negative 
digital supply current for one 
- 
-0.1 
- 
mA 
channel; 
pins 26 and 7 


ISSD 
negative 
supply current 
for both 
-45 
-28.0 
- 
mA 
channels; 
pin 31 


-loOA 
positive analog 
supply current; 
pin 17 
- 
51.0 
63 
mA 


IsSA 
negative 
analog supply current; 
pin 16 
-63.0 
-51.0 
- 
mA 


PSSR' 
power supply rejection 
ratio 
Vooo 
L, R; note 6 
50 
- 
. 
dB 


PSSR2 
power supply rejection 
ratio 
Vooo; 
note 6 
50 
- 
- 
dB 


PSSR3 
power supply rejection 
ratio 
Vsso 
L. R; note 6 
60 
- 
- 
dB 


PSSR4 
power supply rejection 
ratio 
Vsso; 
note 6 
50 
- 
- 
dB 


PSSRS 
power supply rejection 
ratio 
VOOA; note 6 
60 
- 
. 
dB 


PSSR6 
power supply rejection 
ratio 
VSSA; note 6 
60 
- 
- 
dB 


P!of 
total power dissipation 
- 
800 
- 
mW 


Clock· 
Input 


V1L 
input voltage 
LOW 
- 
- 
0.5 
V 


VIH 
input voltage 
HIGH 
4.5 
- 
- 
V 


IlL 
input current LOW 
Vi= 0.5 V 
-10 
- 
10 
IlA 


Dual top-performance 
bitstream 
DAC 


SYMBOL 
PARAMETER 
CONomONS 
MIN 
TYP 
MAX 
UNIT 


Clock· 
Input 


IIH 
input current HIGH 
Vi= 4.5 V 
-10 
- 
10 
j.lA 


Ci 
clock input capacitance 
- 
5 
- 
pF 


fell( 
clock input frequency 
- 
- 
10 
MHz 


Channel 
left/right 
inputs 


VIL 
input voltage 
LOW 
- 
- 
0.5 
V 


V1H 
input voltage 
HIGH 
- 
4.5 
- 
V 


IlL 
input current 
LOW 
Vi= 0.5 V 
-10 
- 
10 
j.lA 


I'H 
input current 
HIGH 
Vi= 4.5 V 
-10 
. 
10 
j.lA 


Ci 
channel 
input capacitance; 
- 
5 
- 
pF 
pins 3,30 


Vref 
reference 
input voltage; 
note 2 
- 
-4±O.4 . 
V 
pins 8, 25 


Audio 
outputs 


VOUT(RMS) 
output voltage 
(RMS value); pins 
notes 2 and 3 
0.85 
1.0 
1.15 
V 
14,19; pins 15, 18 


(THO + N)/S 
THO + Noise; 0 dB 
f = 1 kHz; 
. 
-101 
-96 
dB 
notes 3 and 4 
- 
0.0009 
0.0016 
% 


(THO + N)/S 
THO + Noise; 0 dB 
20 Hz • 20 kHz; 
- 
-101 
- 
dB 
notes 3 and 5 
. 
0.0009 
- 
% 


(THO + N)/S 
THO + Noise; -20 dB 
f = 1 kHz; 
- 
-88 
-84 
dB 
notes 3 and 4 


(THO + N)/S 
THO + Noise; -60 dB 
f = 1 kHz; 
- 
-48 
-44 
dB 
notes 3 and 4 


SIN 
signal-to-noise 
ratio 
pattem 0101; 
109 
111 
- 
dB 
notes 3 and 7 


SIN 
signal-to-noise 
ratio; 'A'-weighting 
pattern 0101; 
- 
113 
- 
dB 
notes 3 and 7 
a 
channel 
separation 
f = 1 kHz 
101 
115 
- 
dB 


Timing 


1, 
rise time clock input 
CL = 20 pF 
- 
5 
10 
ns 
~ 
fall time clock input 
CL = 20 pF 
- 
5 
10 
ns 


teLKL 
clock input LOW time 
45 
- 
- 
ns 


tell( H 
clock input HIGH time 
45 
- 
- 
ns 
1, 
channel 
input rise time 
CL = 20 pF 
- 
10 
15 
ns 
~ 
channel 
input fall time 
CL = 20 pF 
- 
10 
15 
ns 


~D 
channel 
input hold time 
25 
- 
- 
ns 


lsu 
channel 
input set-up time 
0 
- 
- 
ns 


Dual top-performance bitstream 
DAC 


1. The substrate 
voltage 
must be lower than or to equal than the lowest supply voltage. 


2. Output 
level tracks linearly with both the clock frequency 
and the reference 
voltage 
(V,eI L or V,ftf A)' 


3. Device 
measured 
in differential 
mode with external 
components 
as shown in Fig.S. 


4. Measured 
with a one-bit 
data signal generated 
by the SAA7350 
from an 8 f. (352.8 kHz), 20-bit, 
1 kHz digital 


sinewave. 
Measured 
over a 20 Hz to 20 kHz bandwidth. 


5. Measured 
with a one-bit 
data signal generated 
by the SAA7350 
from an 8 f. (352.8 kHz), 20-bit, 20 Hz to 20 kHz 
digital sinewave. 
Measured 
over a 20 Hz to 20 kHz bandwidth. 


6. Power supply 
rejection 
ratio measured 
with frW/e= 1 kHz and vripple = 100 mV. 


7. The specified 
signal-to-noise 
ratio includes 
noise introduced 
by the application 
components 
as shown in Fig.5. 


DATA INPUT 
CHANNEL L. 
CHANNEL R 


Dual top-performance bitstream 
DAC 


160M 


udio data, 
s=44.1 
kHz 


2Q-M, 


Is = 352.8 
kHz 


1-brt, 
Is = 8.47 MHz 


24 x upsampling 
by 
zero-order 
hold, 


3rd order 
noise 
shaping. 


1-M 
end quantization 


3rd order analog 
postfirter, 
10= 55 kHz 


Butterworth 
response 
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GENERAL 
DESCRIPTION 


The TOA8444 
comprises eight digital-to-analogue 
converters (DACs) each controlled 
via the two-wire 


12C-bus. The OACs are individually 
programmed using a 6-bit word to select an output 
from one of 
64 voltage steps. The maximum output 
voltage of all OACs is set by the input V max and the resolution 
is approximately 
Vmax/64. 
At power-on all OAC outputs are set to their lowest value. The 12C-bus 
slave receiver hasa 7-bit address of which 3 bits are programmable via pins AD, Aland 
A2. 


Features 


• 
Eight discrete OACs 


• 
12C-bus slave receiver 


• 
16-pin 01L package 


parameter 
conditions 
symbol 
min. 
typo 
I 
max. 
unit 
; 


Supply voltage 
Vp 
10.8 
I 
12.0 
13.2 


! 
V 


Supply current 
no loads; Vmax = Vp; 


I 
all data = 00 
ICC 
8 
12 
15 


: 
mA 


Total power dissipation 
no loads; Vmax = Vp; 
I 
II 


all data = 00 


I 


Ptot 
- 


I 


150 
- 
mW 


Effective range of 
Vmax input 
Vp = 12 V 
Vmax 
1 
- 
10.5 
V 


OAC output 
voltage 
range 
Va 
0.1 
- 
Vp-0.5 
V 


Step value of 1 LSB 
Vmax = Vp; 
10 = -2 
mA 
VLSB 
70 
160 
250 
mV 


PACKAGE OUTLINE 


16-lead DI L; plastic (SOT38). 


12C BUS 


SLAVE 
RECEIVER 


REFERENCE 


VOLTAGE 


GENERATOR 


DAca 
DAC1 
DAC2 
DAC3 
DAC4 
DAC5 
DAC6 
DACl 


7Z94743 


Fig. 
1 
Block 
diagram. 


PINNING 


1 
Vp 
positive 
supply 
voltage 


DACl 
2 
Vmax 
control 
input 
for 
DAC 
maximum 


output 
voltage 
DAC6 
3 
SDA 
12C-bus 
serial 
data 
input/output 


DAC5 
4 
SCL 
12C- bus serial 
data 
clock 


DAC4 
5 
AO 
) 
6 
A1 
programmable 
address 
bits 
for 


DAC3 
12C-bus 
slave 
receiver 
7 
A2 
DAC2 


8 
GND 
ground 
DAC1 


9-16 
DACO-7 
analogue 
voltage 
outputs 
GND 


7Z94747 


Fig. 2 Pinning 
diagram. 


REFERENCE 
VOLTAGE 
GENERATOR 


Vp 
DAC7 


VMAX 
2 
NC 


DAC6 


DACS 


DAC4 


DAC3 


DAC2 


DAC, 


NC 


GNO 
DACO 


1 
Vp 
Positive supply voltage 


2 
VtJ,AX 
Control input for DAC maximum output voltage 


3 
SDA 
12Cbus serial data inpuVoutput 


4 
SCL 
12Cbus serial data clock 


7 
AO 
Programmable 
address bits for 12Cbus slave receiver 


8 
A1 
Programmable 
address bits for 12Cbus slave receiver 


9 
A2 
Programmable 
address bits for 12Cbus slave receiver 


10 
GND 
Ground 


11,13-18,20 
DACO-7 
Analog voltage outputs 


REFERENCE 
VOLTAGE 


GENERATOR 


1 
Vp 
Positive supply voltage 


2 
VtJ,AX 
Control input for DAC maximum output voltage 


3 
SDA 
12C bus serial data inpuVoutput 


4 
SCL 
12C bus serial data clock 


6 
AO 
Programmable 
address bits for 12C bus slave receiver 


7 
A1 
Programmable 
address bits for 
12C bus slave receiver 


8 
GND 
Ground 


9-16 
DACO-7 
Analog voltage outputs 


12C-bu5 


The TDA8444 
12C-bus interface is a receive-only slave. Data is accepted from the 12C-bus in the 
following format: 


start condition 


stop condition 


acknowledge 


don't care 


A2, Al, 
AO 


13,12,11,10 


SD, SC, SB, SA 


D5,D4,D3,D2,Dl,DO 


= programmable address bits 


= instruction bits 


= subaddressbits 


= data bits 


Address byte 


Valid addressesare 40, 42,44,46,48, 
4A, 4C, 4E (hexadec), depending on the programming of bits 


A2, Aland 
AO. With these addresses,up to eight TDA8444 ICs can be operated independently from 
one 12C-bus. No other addressesare acknowledged by the TDA8444. 


Instruction and data bytes 


Valid instructions are 00 to OF and FOto FF (hexadec); the TDA8444 will not respond to other 
instruction values. 


Instructions 00 to OF causeauto-incrementing of the subaddress(bits SD to SA) when more than one 
data byte is sent within one transmission. With auto-incrementing, the first data byte is written into the 
DAC addressedby bits SD to SA and then the subaddressis automatically 
incremented by one position 
for the next data byte in the series. 


Auto-incrementation 
does not occur with instructions FOto FF. Other than auto-incrementation 


there is no difference between instructions 00 to OF and FOto FF. When only one data byte per 
transmission is present, the DAC addressedby the subaddresswill always receive the data. 


Valid subaddresses(bits SD to SA) are 0 to 7 (hexadec) relating numerically to DACO to DAC7. When 
the auto-incrementing function is used, the subaddresswill sequencethrough all possible values 
(0 to F, 0 to F, etc.). 


12C-bus 


Input SCL (pin 3) and input/output 
SDA (pin 4) conform to 12C-bus specifications.* 
Pins 3 and 4 


are protected against positive voltage pulses by internal zener diodes connected to the ground plane 
and therefore the normal bus line voltage should not exceed 5.5 V. 


The addressinputs AO, A 1, A2 are programmed by a connection to GND for An = 0 or to Vp for 
An = 1. If the inputs are left floating, An = 1 will result. 


Input Vmax 
Input V max (pin 2) provides a meansof compressing the output voltage swing of the DACs. The 
maximum DAC output voltage is restricted to approximately Vmax while the 6-bit resolution is 
maintained, so giving a finer voltage resolution of smaller output swings. 


Digital-to-analogue converters 


Each DAC comprises a 6-bit data latch, current switches and an output driver. Current sourceswith 
valuesweighted by 2° up to 25 are switched according to the data input so that the sum of the 
selected currents givesthe required analoguevoltage from the output driver. The range of the output 
voltage is approximately 0.5 to 10.5 V when Vmax = Vp. 


The DAC outputs are protected against short-circuits to Vp and GND. 


To avoid the possibility of oscillations, capacitive loading at the DAC outputs should not exceed 2 nF. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 
conditions 
symbol 
min. 
max. 
unit 


Supply voltage 
Vp = V1 
-0.5 
18 
V 


Supply current (source) 
Ip = 11 
- 
-10 
mA 


I 


Ip = II 
- 
40 
mA 


12C-bus Iine voltage 
V3,4 
-0.5 
5.9 
V 


Input voltage 
I 
VI 
-0.5 
Vp + 0.5 
V 


Output voltage 
I 
Vo 
-0.5 
Vp + 0.5 
V 


Maximum current on any pin 
I 
(except pins 1 and 8) 


I 


±Imax 
- 
10 
mA 


Total power dissipation 
Ptot 
- 
500 
mW 


Operating ambient 


I 


temperature range 
Tamb 
-20 
+ 70 
°C 


Storage temperature range 
Tstg 
-65 
+ 150 
°C 


Purchaseof Philips' 12C components conveys a license under the 
Philips' 12C patent to usethe components in the 12C-system provided 
the system conforms to the 12C specifications defined by Philips. 


CHARACTERISTICS 


All voltages are with respectto GND; Tamb = 25 °C; Vp = 12 V unlessotherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Supply voltage 
Vp 
10.8 
12.0 
13.2 
V 


Voltage level for 
power-on reset 
V1 
1 
- 
4.8 
V 


Supply current 
no loads; Vmax = Vp; 
I 


all data = 00 
Ip = 11 
8 
12 
15 
mA 


Total power dissipation 
no loads; Vmax = Vp; 


Imw 
all data = 00 
Ptot 
- 


1 


150 
- 


Effective rangeof 
I 


Vmax input (pin 2) 
Vp = 12 V 
Vmax = V2 
1.0 


1= 


10.5 
IV 


Pin 2 current 
V2 = 1 V 
12 
- 
-10 
;IlA 
V2 = Vp 
12 
- 
1- 
10 
illA 


SDA, SCL inputs 
I 


I 


I 


(pins 3 and 4) 


I 


Input voItage range 
VI 
0 


1= 


5.5 
IV 


Input voltage LOW 
VIL 
1- 
1.5 
V 


Input voltage HIGH 
VIH 


13.0 


I 
V 
- 
- 


I 
Input current LOW 
V3;4 = 0.3 V 
IlL 
1- 
- 
-10 
IlA 


Input current HIGH 
V3;4= 6 V 
IIH 
1- 
- 
±10 
IlA 


I 


SDA output 
I 
I 


(pin 3) 


Output voltage LOW 
13= 3 mA 
VOL 
- 
- 
0.4 
V 


Sink current 
10 
3 
8 
- 
mA 


I 
Address inputs 
(pins 5 to 7) 


Input voltage range 
VI 
0 
- 
Vp 
V 


Input voltage LOW 
VIL 
- 
- 
1 
V 


Input voltage HIGH 
VIH 
2.1 
- 
- 
V 


Input current LOW 
IlL 
- 
-7 
-12 
IlA 


Input current HIGH 
IIH 
- 
- 
1 
IlA 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


CAe outputs 
(pins 9 to 16) 


Output voltage range 
Vo 
0.1 
- 
Vp-0.5 
V 


Minimum output voltage 
data = 00; 
10 = -2 mA 
VOmin 
0.1 
0.4 
0.8 
V 


Maximum output voltage 
data = 3F; 
10 = -2 mA 


at Vmax = Vp 
VOmax 
10 
10.5 
11.5 
V 


at 1 < Vmax < 10.5 V 
VOmax 
seenote 
V 


Output sink current 
V = Vp; 
data = 1F 
10 
2 
8 
15 
mA 


Output source current 
V =OV; 
data = 1F 
10 
-2 
- 
-6 
mA 


Output impedance 
data = 1F; 
-2 < 10 <+ 2 mA 
20 
- 
4 
50 
n 


Step value of 1 LSB 
Vmax = Vp; 
10 = -2 mA 
VLSB 
70 
160 
250 
mV 


Deviation from linearity 
10 = -2 mA; N *- 32 
a 
- 
50 
mV 


Deviation from linearity 
10=-2mA;N=32 
a 
- 
70 
mV 


Note to the characteristics 


Vo = 0.95 Vmax + VOmin' 


Octuple 6-bit DAC with 12C-bus 
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Fig.4 
Graph showing output voltage asa function of the input data value 
for Vmax valuesof 1,6,10 
and 12 V; Vp = 12 V. 


• 
8-bit resolution 
• 
Conversion 
rate up to 30 MHz 


• TTL input levels 


• 
Internal reference voltage 


generator 


• Two complementary 
analog 


voltage outputs 


• 
No deglitching 
circuit 
required 


• 
Internal input register 


• 
Low power dissipation 
• 
Internal 75 Q output 
load (con- 
nected to the analog supply) 


• Very few external components 


required. 


• 
High-speed 
digital-to-analog 


conversion 


• 
Digital TV including: 
- 
field progressive 
scan 


- 
line progressive 
scan 


• 
Subscriber 
TV decoders 


• 
Satellite TV decoders 


• 
Digital VCRs. 


The TDA8702 
is a monolithic 
bipolar 


8-bit digital-to-analog 
converter 


(DAC) for video and other applica- 


tions. It converts 
the digital 
input 


signal into an analog voltage output 


at a maximum 
conversion 
rate of 
30 MHz. No external 
reference 


voltage is required and all digital 


inputs are TTL compatible. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog supply voltage 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


ICCA 
analog supply current 
note 1 
- 
26 
32 
mA 


ICCD 
digital supply current 
note 1 
- 
23 
30 
mA 


VOUT - V'QUT 
full-scale 
analog output 
voltage 
Zl = 10 kQ 
-1.45 
-1.60 
-1.75 
V 
(peak-to-peak 
value) 
Zl = 75 Q 
-0.72 
-0.80 
-0.88 
V 


ILE 
DC integral linearity error 
- 
- 
±1/2 
LSB 


DLE 
DC differential 
linearity error 
- 
- 
±1/2 
LSB 


fClK 
maximum 
conversion 
rate 
30 
- 
- 
MHz 


B 
-3 dB bandwidth 
fClK = 30 MHz 
- 
150 
- 
MHz 


Ptot 
total power dissipation 
- 
250 
340 
mW 


EXTENDED 
PACKAGE 
TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 
TDA8702 
16 
DIL 
plastic 
SOT38GE1 
TDA8702T 
16 
S016 
plastic 
SOT162A 


Notes to the Quick Reference 
Data 


1. 00 to 07 connected 
to VCCD and elK connected 
to OGNO. 


2. The analog output 
voltages 
(VOUT and \IQUT) are negative with respect to VCCA(see Table 1). The output 
resistance 


between 
VCCAand each of these outputs 
is typically 
75 f.!. 


3. The -3 dB analog output 
bandwidth 
is determined 
by real time analysis of the output transient 
at a maximum 
input 


code transition 
(code 0 to 255). 


REF 


100 
nFI 


16 
DGNO 
VeCA 


AGNO" 
75 
75 
n 
n 


15 
CLOGKINPUT 
VOUT 
elK 
INTERFACE 
" 
VOUT 


(lSB) 
DO 


D1 


D2 


D3 


D' 


D5 


D6 


(MSB) 
D7 


DATA 


INPUT 


INTERFACE 


SYMBOL 
PIN 
DESCRIPTION 
REF 
1 
voltage 
reference 
(decoupling) 


AGNO 
2 
analog ground 


02 
3 
data input, bit 2 


03 
4 
data input, bit 3 
elK 
5 
clock input 


OGNO 
6 
digital ground 


07 
7 
data input, bit 7 


06 
8 
data input, bit 6 


05 
9 
data input, bit 5 


04 
10 
data input, bit 4 


01 
11 
data input, bit 1 


00 
12 
data input, bit 0 


VCCD 
13 
positive supply voltage for digital circuits 
(+5 V) 


VOUT 
14 
analog voltage output 


VOUT 
15 
complementary 
analog voltage output 


VCCA 
16 
positive supply voltage for analog circuits 
(+5 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VCCA 
analog supply voltage range 
- 
0.3 
+ 
7.0 
V 


VCCD 
digital supply voltage range 
- 
0.3 
+ 
7.0 
V 


VCCA-VCCD 
supply voltage differential 
- 
0.5 
+ 
0.5 
V 


AGNO-OGNO 
ground voltage differential 
- 
0.1 
+ 
0.1 
V 


VI 
input voltage 
range (pins 3 to 5 and 7 to 12) 
- 
0.3 
VCCD 
V 


114/115 
total output 
current range (pins 14 and 15) 
- 
5 
+ 26 
mA 


Tsta 
storage temperature 
range 
-55 
+150 
ae 


Tamb 
operating 
ambient temperature 
range 
0 
+ 70 
ae 


T 
junction 
temperature 
- 
+125 
ae 


SYMBOL 
PACKAGE 
TYP. 
UNIT 


Rth'-a 
SOT38GE1 
+ 85 
KIW 


Rth'-a 
SOT162A 
+110 
KIW 


Inputs and outputs 
are protected 


against electrostatic 
discharges 
in 


normal handling. 
However, to be 


totally safe, it is desirable 
to take 


normal precautions 
appropriate 
to 


handling 
integrated 
circuits. 


CHARACTERISTICS 


VCCA= V16 - V2 = 4.5 V to 5.5 V; VCCD= V13 - V6 = 4.5 V to 5.5 V; VCCA- VCCD= -0.5 
V to +0.5 V; VREF decoupled 
to 


AGND by a 100 nF capacitor; 
Tamb = 0 °C to 70 °C; AGND and DGND shorted 
together; 
unless otherwise 
specified 


(typical values measured 
at VCCA= VCCD= 5.0 V and Tamb = 25 oC) 


SYMBOL 
PARAMETER 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog supply voltage 
4.5 
5.0 
5.5 
V 


VCCD 
digital supply voltage 
4.5 
5.0 
5.5 
V 


ICCA 
analog supply current 
note 1 
- 
26 
32 
mA 


ICCD 
digital supply current 
note 1 
- 
23 
30 
mA 


AGND- 
ground voltage differential 
-0.1 
+0.1 
V 
DGND 
- 


Inputs 


DIGITAL INPUTS (D7 - DO)AND CLOCK 
INPUT (ClK) 


V1L 
input voltage 
lOW 
0 
- 
0.8 
V 
V1H 
input voltage 
HIGH 
2.0 
- 
VCCD 
V 


IlL 
input current 
lOW 
VI = 0.4 V 
- 
-0.3 
-0.4 
mA 


IIH 
input current 
HIGH 
V1=2.7V 
- 
0.01 
20 
J1A 


fCLK 
maximum 
clock frequency 
30 
- 
- 
MHz 


Outputs 
(note 2; referenced 
to VCCA) 


VOUT- 
VOUT 
full-scale 
analog output 
voltages 
Z 
= 10 kQ 
-1.45 
-1.61 
-1.75 
V 


(peak- to-peak 
value) 
ZL = 75 Q 
-0.72 
-0.80 
-0.88 
V 


Voffset 
analog offset output voltage 
code= 
0 
- 
-3 
-25 
mV 


LWOUT 
full-scale 
analog output 
voltage 
temperature 
coefficient 
- 
- 
200 
J1V/K 


L'.Voffset 
analog offset output 
voltage 
temperature 
coefficient 
- 
- 
20 
J1V/k 


B 
-3 dB bandwidth 
note 3; fCLK = 
30 MHz 
- 
150 
- 
MHz 


Gd 
differential 
gain 
- 
0.6 
- 
% 
q,d 
differential 
phase 
- 
1 
- 
deg 


Zo 
output 
impedance 
- 
75 
- 
Q 


SYMBOL 
PARAMETER 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


Transfer function 
(fCLK = 30 MHz) 


ILE 
DC integral linearity error 
- 
- 
±1/2 
LSB 


OLE 
DC differential 
linearity 
error 
- 
- 
±1/2 
LSB 


Switching 
characteristics 
(fCLK = 30 MHz; notes 4 and 5; see Figs 34 and 5) 


tSU"OAT 
data set-up time 
-0.3 
- 
- 
ns 


tHO"OAT 
data hold time 
2 
- 
- 
ns 


tpo 
propagation 
delay time 
- 
- 
1.0 
ns 


tS1 
settling 
time 
10% to 90% full- 
scale change to 
±1 LSB 
- 
1.1 
1.5 
ns 


tS2 
settling 
time 
10% to 90% full- 
scale change to 
±1 LSB 
- 
6.5 
8.0 
ns 


td 
input to 50% output 
delay time 
- 
3.0 
5.0 
ns 


Output transients 
(glitches; fCLK = 30 MHz; note 6; see Fig.6) 


Eg 
glitch energy from code 
transition 
127 to 


128 
- 
- 
30 
ns 


1. 
DOto 07 connected 
to Vcco, CLK connected 
to DGND. 


2. The analog output 
voltages 
(VOUTand VQUT)are negative with respect 
to VCCA(see Table 1). The output 
resistance 
between 
VCCAand each of these outputs 
is typically 
75 n. 


3. The -3 dB analog output 
bandwidth 
is determined 
by real time analysis of the output 
transient 
at a maximum 
input 


code transition 
(code 0 to 255). 


4. The worst case characteristics 
are obtained 
at the transition 
from input code 0 to 255 and if an external 
load impe- 


dance greater than 75 n is connected 
between VOUTor VOUTand VCCA' The specified 
values have been measured 


with an active probe between 
VOUTand AGND. No further 
load impedance 
between 
VOUTand AGND has been 


applied. 
All input data are latched at the rising-edge 
of the clock. The output 
voltage remains stable (independent 
of 
input data variations) 
during the high level of the clock (CLK = HIGH). During LOW-to-HIGH 
transition 
of the clock 


(CLK = LOW), the DAC operates 
in the transparent 
mode (input data will be directly 
transferred 
to their corresponding 


analog output 
voltages, 
see Fig.5). 


5. The data set-up 
(tSU;OAT)is the minimum 
period 
preceding 
the rising-edge 
of the clock, that the input data must be 


stable in order to be correctly 
registered. 
A negative set-up time indicates 
that the data may be initiated 
after the 


rising-edge 
of the clock and still be recognized. 
The data hold time (tHO;OAT)is the minimum 
period following 
the 
rising-edge 
of the clock, that the input data must be stable in order to be correctly 
registered. 
A negative 
hold time 


indicates 
that the data may be released prior to the rising-edge 
of the clock and still be recognized. 


6. The definition 
of glitch energy and the measurement 
set-up are shown in Fig.6. The glitch energy is measured 
at the 
input transition 
between 
code 127 to 128 and on the falling-edge 
of the clock. 


DAC OUTPUT 
VOLTAGES 


CODE 
BINARY INPUT DATA (07 - DO) 
ZL= 10 kQ 
ZL=75 
Q 


VOUT(V) 
VOUT(v) 
VOUT(v) 
VOUTM 
0 
0000000 
0 
-1.6 
0 
-0.8 
1 
00000001 
-0.006 
-1.594 
-0.003 
-0.797 


........ 
128 
10000000 
-0.8 
-0.8 
-0.4 
-0.4 


........ 


254 
11111110 
-1.594 
-0.006 
-0.797 
-0.003 
255 
11111111 
-1.6 
0 
-0.8 
0 


Note to Fig.3 


The shaded 
areas indicate 
when the input data may change and be correctly 
registered. 
Data input update 
must 


be completed 
within 0.3 ns, after the first rising-edge 
of the clock (tsu; OATis negative; -0.3 ns). Data must be 


held at least 2 ns after the rising-edge 
(tHO; OAT= +2 ns). 


input 
data 


(example of a 


full-scale 
input 


transition) 
I 
I 
I 
I 
I 
I 
I 
III-td 
I 
I 
I 
I 
I 
I 
I 
I 
'51 


II!+-tpo- 
I 


analogue 


output 


voltage 


I 
I 


'_ 
transparent 
I 
mode 
.-. 
I....-. 


I 
I 
I 


~';;du;s 
nJ! lJl__ 


I 
: 


v}~!-\-l 


transparent 
I 
latched 
mode 
1 
beginning 
01 


mode 
I 
(stable 
output) 
I 
transparent 


1 
mode 


During the transparent 
mode (CLK = LOW), any change of input data will be seen at the output. 
During the 


latched mode (CLK = HIGH), the analog output 
remains stable, regardless 
of any changes 
at the input. A change 


of input data during the latched mode will be seen on the falling-edge 
of the clock (beginning 
of the transparent 
mode). 


'ClK/l0 
07 
MSB 
(2) 
VOUT 
06 
VOUT 
05 


'ClK/l0 
04 
TOAB7021 
HPBOB2A 
TOAB702T 
(1) 
03 


02 


01 


DO (lSB) 


'ClK 


(3) 


clock 
f3MJUlJUlM 
'~~rL 
I2lLJLJ 


----------r 


OGN0=DI 


AGNO 
substrate 


VCCO-Fr- 
OGN0--t!- 


VCCA-fr 


AGN0--e- 


VCCA 


75 n 
75 n 


VOUT 


VOUT 


AGNO 
bit 
ii 


Additional 
application 
information 
will 


be supplied 
upon request (please 


quote number 
FTV/8901). 


100 
nF(1j 
R2 


~ 


REF 
100 
"F 
R1 
+ 
VOUT 


AGND 
+ 
VOUT 


100 
"F 
R1 


TOA8702J 
TOA8702T 
R2 


Preliminary 
speclf1catlon 


• 8-bit resolution 
• Conversion 
rate up to 50 MHz 


• TTL input levels 
• 
Internal reference voltage 
generator 
• Two complementary 
analog 
voltage outputs 
• 
No deglitching 
circuit required 
• 
Internal input register 
• 
Low power dissipation 
(250 mW 
typical) 
• 
Internal 75 noutput load 
(connected 
to the analog supply) 
• Very few external components 
required. 


• 
High-speed 
digital-to-analog 
conversion 


• Test and measurement 
• Telecommunications 


• 
Radar/sonar 
• 
Image processing 


The TDE8712D is a monolithic 
bipolar 8-bit digital-to-analog 
converter 
(DAC) for professional 
video and other applications. 
The 
operating temperature 
range is 
-55 °C to +125 °C. It converts the 
digital input signal into an analog 
voltage output at a maximum 
conversion 
rate of 50 MHz. No 
external reference voltage is required 
and all digital inputs are TTL 
compatible. 


EXTENDED 
PACKAGE 
TYPE NUMBER 
PINS 
i 
PIN POSITION 
I 
MATERIAL 
I 
CODE 


TDE8712D 
16 
-1 CERDIP 
1 ceramic 
1SOT74 


8-bit video digital-to-analog converter (Mil. temp.) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VeeA 
analog supply voltage 
4.75 
5.0 
5.25 
V 


VeCD 
digital supply voltage 
4.75 
5.0 
5.25 
V 


ICCA 
analog supply current 
note 1 
20 
26 
32 
mA 


ICCD 
digital supply current 
note 1 
16 
23 
30 
mA 


VOUT- 
full-scale analog output voltage 
ZL= 10 kn 
-1.45 
-1.60 
-1.75 
V 
VOUT 
(peak-to-peak 
value) 
ZL= 75 n 
-0.72 
-0.80 
-0.88 
V 
ILE 
DC integral linearity error 
- 
- 
±1/2 
LSB 


DLE 
DC differential 
linearity error 
- 
- 
±1/2 
LSB 


fCLK 
maximum conversion 
rate 
50 
- 
- 
MHz 


B 
-3 dB bandwidth 
fCLK= 50 MHz 
- 
150 
- 
MHz 


Plot 
total power dissipation 
- 
250 
340 
mW 


2. The analog output voltages (\lOUTand VOUT)are negative with respect to VCCA(see Table 1). The output resistance 
between VCCAand each of these outputs is typically 75 n. 


3. The -3 dB analog output bandwidth 
is determined 
by real time analysis of the output transient at a maximum input 
code transition 
(code 0 to 255). 


REF 


100nFI 


'6 
OGNO 
VeCA 


AGNO 
..• 
75 
75 
{I 
11 


15 
Vour 


eLK 
14 


Your 


(LSB) 
DO 
01 


02 


03 
O. 


05 


06 


(MSBI07 


DATA 


INPUT 
INTERFACE 


~~, 
, 


AGND 


VCCA 


vOUT 


vOUT 


vCCD 


DO 


SYMBOL 
PIN 
DESCRIPTION 
REF 
1 
voltage reference (decoupling) 


AGNO 
2 
analog ground 


02 
3 
data input, bit 2 


03 
4 
data input, bit 3 
elK 
5 
clock input 


OGNO 
6 
digital ground 


07 
7 
data input, bit 7 


06 
8 
data input, bit 6 


05 
9 
data input, bit 5 


04 
10 
data input, bit 4 


01 
11 
data input, bit 1 


DO 
12 
data input, bit 0 


VCCD 
13 
positive supply voltage for digital circuits (+5 V) 


VOUT 
14 
analog voltage output 


VOUT 
15 
complementary 
analog voltage output 


VCCA 
16 
positive supply voltage for analog circuits (+5 V) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


VCCA 
analog supply voltage range 
-0.3 
+ 7.0 
V 


VCCD 
digital supply voltage range 
-0.3 
+ 7.0 
V 


VCCA- VCCD 
supply voltage differential 
-0.5 
+ 0.5 
V 


AGNO-OGNO 
ground voltage differential 
-0.1 
+ 0.1 
V 


VI 
input voltage range (pins 3 to 5 and 7 to 12) 
-0.3 
VCCD 
V 


lOUT 
total output current range (pin 14) 
-5 
+ 26 
mA 


lOUT 
total output current range (pin 15) 
-5 
+ 26 
mA 


Tstg 
storage temperature 
range 
-55 
+150 
°e 


Tamb 
operating ambient temperature 
range 
-55 
+125 
°e 


Tj 
junction temperature 
- 
+175 
°e 


THERMAL 
RESI 


SYMBOL 


Rthj-a 


TANCE 


PACKAGE 


SOT74 


HANDLING 
Inputs and outputs are protected 
against electrostatic 
discharges 
in normal 
handling. 
However, to be totally safe, it is desirable to take normal precautions 
appropriate 
to handling 
integrated 
circuits. 


CHARACTERISTICS 


VCCA= V16- V2 = 4.75 V to 5.25 V; Vcco = V13- V6 = 4.75 V to 5.25 V; VCCA- VCCO= -0.25 V to +0.25 V; 
VREFdecoupled 
to AGND by a 100 nF capacitor; 
Tamb= -55°C 
to +125 DC;AGND and DGND shorted together; 
unless 


otherwise 
specified (typical values measured at VCCA= Vcco = 5.0 V and Tamb= 25°C) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VCCA 
analog supply voltage 
4.75 
5.0 
5.25 
V 


Vcco 
digital supply voltage 
4.75 
5.0 
5.25 
V 


ICCA 
analog supply current 
note 1 
20 
26 
32 
mA 


Icco 
digital supply current 
note 1 
16 
23 
30 
mA 


AGND-DGND 
ground voltage differential 
-0.1 
- 
0.1 
V 


Inputs 
DIGITAL INPUTS (D7 - DO)AND CLOCK INPUT (CLK) 


Vil 
input voltage LOW 
0 
- 
0.8 
V 


VIH 
input voltage HIGH 
2.0 
- 
Vcco 
V 


III 
input current LOW 
VI =0.4 V 
- 
-0.3 
-0.4 
mA 


IIH 
input current HIGH 
VI =2.7 V 
- 
0.01 
20 
J.1A 


fClK 
maximum clock frequency 
50 
- 
- 
MHz 


Outputs 
(note 2; referenced to VCCN 


VOUT- VOUT 
full-scale analog output voltages 
Zl=10kn 
-1.45 
-1.61 
-1.75 
V 
(peak- to-peak value) 
Zl=75n 
-0.72 
-0.80 
-0.88 
V 


Voffset 
analog offset output voltage 
code = 0 
- 
-3 
-25 
mV 


tNOUT 
full-scale analog output voltage 
- 
- 
200 
IN/K 
temperature 
coefficient 


t.voffset 
analog offset output voltage 
- 
- 
20 
~V/k 


temperature 
coefficient 


B 
-3 dB bandwidth 
note 3; fClK = 50 MHz 
- 
150 
- 
MHz 


Gd 
differential 
gain 
- 
0.6 
- 
% 


4>d 
differential 
phase 
- 
1 
- 
deg 


Zo 
output impedance 
- 
75 
- 
n 


Transfer 
function 
(fClK = 50 MHz) 


ILE 
I DC integral linearity error 
I 
- 
- 
I ±1/2 
LSB 


DLE 
I DC differential 
linearity error 
I 
- 
- 
I ±1/2 
LSB 
Switching 
characteristics 
(fCLK = 50 MHz; notes 4 and 5; see Figs 3,4 and 5) 


tsu; OAT 
data set-up time 
-0.3 
- 
- 
ns 


tHO;OAT 
data hold time 
2 
- 
- 
ns 


tpo 
propagation 
delay time 
- 
- 
1.0 
ns 


tS1 
settling time 
10% to 90% full-scale 
- 
1.1 
1.5 
ns 


change to ±1 LSB 


tS2 
settling time 
10% to 90% full-scale 
- 
6.5 
8.0 
ns 


change to +1 LSB 


ld 
input to 50% output delay time 
- 
3.0 
5.0 
ns 
Output 
transients 
(glitches; fClK = 50 MHz; note 6; see Fig.6) 


Eo 
glitch energy from code 
transition 
127 to 128 
- 
I - 
30 
ns 


2. The analog output voltages (VOUTand VOUT)are negative with respect to VCCA(see Table 1). The output resistance 


between VCCAand each of these outputs is typically 75 Q. 


3. The -3 dB analog output bandwidth 
is determined 
by real time analysis of the output transient at a maximum 
input 


code transition 
(code 0 to 255). 


4. The worst case characteristics 
are obtained at the transition from input code 0 to 255 and if an external load 


impedance 
greater than 75 Q is connected 
between VOUTor VOUTand VCCA.The specified values have been 
measured with an active probe between VOUTand AGND. No further load impedance 
between VOUTand AGND has 
been applied. All input data are latched at the rising-edge 
of the clock. The output voltage remains stable 
(independent 
of input data variations) during the high level of the clock (CLK = HIGH). During LOW-to-HIGH 
transition 
of the clock (CLK = LOW), the DAC operates in the transparent 
mode (input data will be directly transferred 
to their corresponding 
analog output voltages, see Fig.5). 


5. The data set-up (tSU;OAT)is the minimum period preceding the rising-edge 
of the clock, that the input data must be 
stable in order to be correctly 
registered. A negative set-up time indicates that the data may be initiated after the 
rising-edge 
of the clock and still be recognized. The data hold time (tHO;OAT)is the minimum period following the 


rising-edge 
of the clock, that the input data must be stable in order to be correctly 
registered. A negative hold time 


indicates that the data may be released prior to the rising-edge 
of the clock and still be recognized. 


6. The definition 
of glitch energy and the measurement 
set-up are shown in Fig.6. The glitch energy is measured at the 


input transition 
between code 127 to 128 and on the falling-edge 
of the clock. 


DAC OUTPUT VOLTAGES 


CODE 
BINARY INPUT DATA (07 - DO) 
ZL= 10 kQ 
ZL=7SQ 


VOUT M 
VOUT M 
VOUT M 
VOUT 
M 


0 
00000000 
0 
-1.6 
0 
-0.8 


1 
00000001 
-0.006 
-1.594 
-0.003 
-0.797 
...... 
. . 


128 
10000000 
-0.8 
-0.8 
-0.4 
-0.4 
.. . ..... 


254 
11111110 
-1.594 
-0.006 
-0.797 
-0.003 


255 
11111111 
-1.6 
0 
-0.8 
0 


--3.0V 
--1.3V 


--OV 


3.0V 


1.3V 


--OV 
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Note to Fig.3 


The shaded areas indicate when the input data may change and be correctly 
registered. Data input update must be 
completed 
within 0.3 ns, after the first rising-edge 
of the clock (tsu; OATis negative; -0.3 ns). Data must be held at least 


2 ns after the rising-edge 
(tHO;OAT= +2 ns). 
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During the transparent 
mode (CLK = LOW). any change of input data will be seen at the output. During the latched 


mode (CLK = HIGH), the analog output remains stable, regardless of any changes at the input. A change of input data 
during the latched mode will be seen on the falling-edge 
of the clock (beginning of the transparent 
mode). 
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07 
MSB 


(2) 
Your 


06 


Your 
05 


'CLK/10 
0" 


HPBOB2A 
TDEB712D 


(1) 
03 


02 


01 


DO 
(LSB) 


fCLK 


(3) 


----------r 


Note to Fig.6 


The value of the glitch energy is the sum of the shaded area measured in LSB.ns. 
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Notes 
to Figs 
13, 14, 15 and 
16 


1. This is a recommended 
value for decoupling 
pin 1. 


Section 11 
Sample-and-Hold 


Symbols and definitions for ample-and-hold 
amplifiers 


LF198/LF2981 


LF398 


NE/SE5537 


TDA1535B 


Sample-and-hold 
amplifiers 


Sample-and-hold 
amplifier 
... 


High-speed single sample-and-hold 
amplifier 


.............. 
665 


. .. 
670 


.678 


Acquisition 
Time (tAO) 
The time delay between the 50% (or 
threshold) point of the hold-to-sample 
transition of the sample/hold 
signal and the 
point at which the output voltage begins to 
track the input voltage to within a specified 
error band. 
By convention 
the acquisition 
time is defined for sampling positive (or 
negative) full-scale input voltage after 
previously holding a negative (or positive) 
full-scale output voltage. 


Aperture 
Delay (tAPo) 
The time delay between the 50% (or 
threshold) point of the hold-to-sample 
transition of the sample/hold 
signal and the 
instant at which the switch is just opening. 
This latter instant can be defined as the time 
at which the internal control voltage across 
the switch element has moved by 10% of its 
full voltage swing, I.e., the instant at which 
the switch is 10% open. 


Aperture 
Time 
(tAP) 
The time required for the sample-and-hold 
switch to open. 
The switch opening time can 
be defined as the interval between the 
conditions of 10% open and 90% open and 
does not include any delays of the 
samplelhold 
signal through the switch buffer 


circuitry. 


Aperture 
Uncertainty 
(tAPU) 
The range of variation of total aperture delay 
time (see definition below) due to internal 
circuit noise of all forms. 


Charge 
Transfer 
(QT) 
The amount of charge transferred 
to the 
holding capacitor (when switching from the 
sample-to-hold 
mode) originating from stray 
or parasitic capacitance 
associated with the 
sample-and-hold 
switch. 
Charge transfer IS 
directly related to hold step (see definition 
below) by the following relationship: 


VHS(V) = Charge transfer (pC)/CH(pF) 


where VHS is the hold step and CH is the 
holding capacitor. 
It can be seen that 


increasing 
CH will reduce VHs, since the 
charge transfer is constant for a given circuit. 


Input Resistance 
(RIN) 
The large-signal 
input resistance over the 


specified input voltage range. 


Droop 
Rate (dVH/dt) 
The rale of change of output voltage while 
the circuit is in the hold mode. 
It is due to 


Symbols and definitions for 
sample-and-hold 
circuits 


leakage currents to, or from, the holding 
capacitor and can be positive or negative. 
It 


is related to the droop current, 10(defined 
below), by the following relationship: 


dVH/dl = ID(pA)/CH(pF) 


Droop 
Current 
(Io) 
The current flowing into the CH terminal when 
the circuit is in the hold mode. 


Effective 
Aperture 
Delay Time 


(tEAPo) 
. 
. 


The difference between the propagation lime 
of the analog input voltage to the 
sample-and-hold 
switch and the aperture 


delay (tAPD). The value of tEAPDmay be 
positive, negative or zero. 
For precise timing 
of the point on the input voltage to be held, 
the sample-to-hold 
transition of the 
samplelhold 
signal must be advanced by 


tEAPD· 


Feedthrough 
Attenuation 
A measurement 
of the isolation of the analog 
switch when the amplifier is in the HOLD 
mode. 
A direct function of feedthrough 


capacitance, 
it is the ratio of the output signal 


level to input signal level when in the HOLD 
mode. 
Feedthrough Attenuation 
is specified 


at a specific frequency and is usually 
expressed 
in dB. 


Full Power 
Bandwidth 
(fp) 


The maximum frequency at which the 
full-scale output voltage can be achieved 
without significant distortion. 
The full power 
bandwidth is related to the slew rate, SR 
(defined below) by the following relationship: 


Fp = SRl21tVcc 


where Vcc is the peak value of the input 
signal; i.e., V,N = Vccsin(21tFpt). 


Gain Error 
In a unity gain configuration 
this is the ratio of 
the difference between the input and output 
voltages to the input voltage expressed as a 
percentage of full scale input range capability. 


Hold Mode Feedthrough 
A measure of the amount of an input 
sinusoidal voltage that appears at the output 
of a sample-and-hold 
circuit when it is in the 


hold mode. 
It is usually expressed as a 
percentage or as an output RMS voltage for a 
specified input RMS voltage. 


Hold Mode 
Settling 
Time (tHM) 


The time delay between the 50% (or 
threshold) 
point of the sample-to-hold 


transition of the sample/hold 
signal and the 


point at which the output settles to within a 
specified error band of its final value before 
hold mode droop becomes significant. 


Hold Step (VHS) 
The step in the output voltage caused by 
charge transfer (defined above). 


Input 
Bias Current 
(ISlAS) 
The bias current into the input terminal. 


Linearity 
Error {Ell 
The maximum deviation of the output voltage 
from an ideal straight line drawn between the 
two output voltages corresponding 
to the 
extremes of the input voltage range. 
It is 


usually expressed 
as a percentage of the 


full-scale input voltage range. 


Output 
Resistance 
(Ro) 


The ratio of the change in output voltage to a 
change in output load current in either the 
hold mode or for a fixed input voltage in the 
sample mode. 


Overshoot 
The maximum overshoot of the output 
voltage, in the sample mode, when slewing at 
its maximum rate over the full-scale output 
voltage range. 
It is usually expressed as a 
percentage of the full-scale output voltage 


range. 


Power 
Supply 
Rejection 
Ratio 


(PSRR) 
The ratio of the change in power supply 
voltage (over a specified power supply 
voitage range DPSV) to the corresponding 
change in zero-scale 
error, Vzs (defined 
below); it is expressed in dB where 
PSRR(dB) 
= 2010g(t>PSV/t>Vzs). 


Slew Rate (SR) 
The maximum possible rate of change of the 
output voltage, in the sample mode, when 
changing over the full-scale output voltage 


range. 


Total Aperture 
Delay Time (tTAPo) 
The sum of the aperture delay and the 
aperture time. 


tTAPD= tAPD+ tAP 


Voltage 
Gain (Avl 
The ratio of the output voltage to the input 
voltage when operating in the sample mode 
and over a specified input voltage range. 


INPUT 
SIGNAL 
I 


Zero-Scale 
Error (Vzsl or Input 
Offset 
Voltage 
(Vasl 
The difference between the output and input 
voltages when operating in the sample mode 
and in a unity gain configuration. 


DIFFERENCE 
DUE 


TO OFFSET 
ERROR, 
GAIN 
ERROR 


AND NON·lINEARITY 
j 


t 


DESCRIPTION 
The LF198/LF298/LF398 
are monolithic 
sample-and-hold 
circuits which utilize 
high-voltage ion-implant 
JFET technology to 
obtain ultra-high DC accuracy with fast 
acquisition of signal and low droop rate. 
Operating as a unity gain follower, DC gain 
accuracy is 0.002% typical and acquisition 
time is as low as 6J.1sto 0.01%. A bipolar 
input stage is used to achieve low offset 
voltage and wide bandwidth. 
Input offset 
adjust is accomplished 
with a single pin and 


does not degrade input offset drift. The wide 
bandwidth allows the LF198 to be included 
inside the feedback loop of 1MHz op amps 
without having stability problems. 
Input 
impedance of 101°0 allows high source 
impedances 
to be used without degrading 
accuracy. 


P-channel junction FETs are combined with 
bipolar devices in the output amplifier to give 
droop rates as low as 5mV/min with a 1J.1F 
hold capacitor. The JFETs have much lower 
noise than MOS devices used in previous 
designs and do not exhibit high temperature 
instabilities. The overall design guarantees 
no 
feedthrough 
from input to output in the hold 
mode even for input signals equal to the 
supply voltages. 


Logic inputs are fully differential with low input 
current, allowing direct connection 
to TTL, 
PMOS, and CMOS; differential threshold is 
1.4V. The LF198/LF298/LF398 
will operate 
from ±5V to ±18V supplies. They are 
available in 8-pin plastic DIP, 8-pin Cerdip, 
and 14-pin plastic SO packages. 


• Operates from ±5V to ±18V supplies 


• Less than 10Jls acquisition time 


• TTL, PMOS, CMOS compatible 
logic input 


• 0.5mV typical hold step at CH=0.01JlF 


• Low input offset 


.0.002% 
gain accuracy 


• Low output noise in hold mode 


• Input characteristics 
do not change during 
hold mode 


• High supply rejection ratio in sample or 
hold 


APPLICATION 


• The LF198/LF298/LF398 
are ideally suited 


for a wide variety of sample-and-hold 
applications, 
including data acquisition, 
analog-to-digital 
conversion, 
synchronous 


demodulation, 
and automatic test setup 


DESCRIPTION 
TEMPERATURE 
ORDER CODE 


8-Pin Cerdip 
-55°C to +125°C 
LF198FE 


14-Pin Plastic SO Package 
o to +70°C 
LF398D 


8-Pin Cerdip 
o to +70°C 
LF398FE 


8-Pin Plastic DIP 
o to +70°C 
LF398N 


8-Pin Cerdip 
-25°C to +85°C 
LF298FE 
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LOGIC 
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SYMBOL 
PARAMETER 
RATING 
UNIT 


Vs 
Supply voltage 
±18 
V 


Maximum power dissipation 
TA=25°C (stili-air)3 


F package 
780 
mW 


N package 
1160 
mW 


D package 
1040 
mW 


TA 
Operating ambient temperature 
range 


LF198 
-55 to +125 
°C 


LF298 
-25 to +85 
°C 


LF398 
o to +70 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


VIN 
Input voltage 
Equal to 


supply voltage 


Logic-to-Iogic 
reference differential 
+7, -30 
V 
voltage2 


Output short-circuit duration 
Indefinite 


Hold capacitor short-circuit 
duration 
10 
see 


TsoLD 
Lead soldering temperature 
(1Osee max) 
300 
°C 
NOTES: 


1. The maximum junction temperature 
of the LF398 is 150°C. When operating at elevated ambient temperature, 
the packages must be derated 


based on the thermal resistance specified. 


2. 
Although the differential voltage may not exceed the limits given, the common-mode 
voltage on the logic pins must always be at least 2V 
below the positive supply and 3V above the negative supply. 
3. 
Derate above 25°C, at the following rates: 


F package at 6.2mW/oC 
N package at 9.3mW/oC 
D package at 8.3mW/oC 


DC ELECTRICAL 
CHARACTERISTICS 
Unless otherwise specified, the following conditions apply: unit is in "sample" mode; Vs = ±15V; TJ = 25°C; -11.5V3 V1N~ +11.5V; CH=0.01I!F; 
and RL = 10kn. Logic reference voltage = OV and logic voltage = 2.5V. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LF198/LF298 
LF398 
UNIT 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


Vos 
Input offset voltage4 
TJ=25°C 
1 
3 
2 
7 
mV 


5 
10 
mV 


IBIAS 
Input bias current" 
TJ=25°C 
5 
25 
10 
50 
nA 


Full temperature 
range 
75 
100 
nA 


Input impedance 
TJ=25°C 
10'0 
10'0 
n 


Gain error 
TJ=25°C, RL=10k 
0.002 
0.005 
0.004 
0.01 
% 


Full temperature 
range 
0.02 
0.02 
% 


Feedthrough 
attenuation 
TJ=25°C, Ch=O.011!F 
86 
96 
80 
90 
dB 
ratio at 1kHz 


Output impedance 
TJ=25°C, "HOLD" mode 
0.5 
2 
0.5 
4 
n 


Full temperature 
range 
4 
6 
n 


"HOLD" step2 
TJ=25°C, Ch=0.01I!F, Vour=O 
0.5 
2.0 
1.0 
2.5 
mV 


Icc 
Supply current" 
TJ~25°C 
4.5 
5.5 
4.5 
6.5 
mA 


Logic and logic reference 
TJ = 25°C 
2 
10 
2 
10 
!!A 
input current 


Leakage current into hold 
TJ=25°C, "HOLD" mode 
30 
100 
30 
200 
pA 
capacitor4 


tAC 
Acquisition 
time to 0.1 % 
t.voUT=10V, Ch=1000pF 
4 
4 
I!s 


Ch=0.01I!F 
20 
20 
I!S 


Hold capacitor charging 
VlwVouT=2V 
5 
5 
mA 
current 


Supply voltage rejection ra- 
VOUT=O 
80 
110 
80 
110 
dB 
tio 


Differential logic threshold 
TJ=25°C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


NOTES: 
1. 
Unless otherwise 
specified, the following conditions apply. Unit is in "sample" mode, Vs=±15V, TJ=25°C, -11.5V ~ VIN~ +11.5V, Ch = 0.01I!F, 
and RL = 10kn. Logic reference voltage = OV and logic voltage = 2.5V. 


2. 
Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 
1pF, for instance, will create an 
additional 0.5mV step with a 5V logic swing and a 0.011!F hold capacitor. Magnitude of the hold step is inversely proportional 
to hold 
capacitor value. 
3. 
Leakage current is measured at a junction temperature 
of 25°C. The effects of junction temperature 
rise due to power dissipation or elevated 


ambient can be calculated 
by doubling the 25°C value for each 11°C increase in chip temperature. 
Leakage is guaranteed 
over full input 


signal range. 


4. 
The parameters 
are guaranteed 
over a supply voltage of ±5 to ±18V. 
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DESCRIPTION 
The NE5537 monolithic sample-and-hold 
amplifier combines the best features of 
ion-implanted 
JFETs with bipolar devices to 
obtain high accuracy, fast acquisition time, 
and low droop rate. This device is 
pin-compatible 
with the LF198, and features 
superior performance 
in droop rate and 
output drive capability. The circuit shown in 
Figure 1 contains two operational 
amplifiers 
which function as a unity gain amplifier in the 
sample mode. The first amplifier has bipolar 
input transistors which give the system a low 
offset voltage. The second amplifier has 
JFET input transistors 
to achieve low leakage 


current from the hold capacitor. A unique 
circuit design for leakage current cancellation 
using current mirrors gives the NE5537 a low 
droop rate at higher temperature. 
The output 


stage has the capability to drive a 2k.Q load. 
The logic input is compatible 
with TIL, 
PMOS 
or CMOS logic. The differential logic 
threshold is 1.4V with the sample mode 
occurring when the logic input is high. It is 
available in 8-lead TO-5, 8-pin plastic DIP 
packages, and 14-pin SO packages. 


FEATURES 


• Operates from ±5V to ±18V supplies 


• Hold leakage current6pA 
@ TJ = 25°C 


• Less than 411Sacquisition time 


• TTL, PMOS, CMOS compatible 
logic input 


• 0.5mV typical hold step at CH=0.01~F 


• Low input offset: 1MV (typical) 


.0.002% 
gain accuracy with RL=2k.Q 


• Low output noise in hold mode 


• Input characteristics 
do not change during 
hold mode 


• High supply rejection ratio in sample or 
hold 


• Wide bandwidth 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
NE5537N 


14-Pin Plastic SO 
o to +70°C 
NE5537D 


8-Pin Plastic DIP 
-55°C to +125°C 
SE5537FE 


OFFSET 
2-------------, I 
I5 


/ 


INPUT 
/ 


I 
/ 


LOGIC!E> 
/ 
1 
J 


LOGIC 
71 
REFERENC 
+ 
L. 
_ 


II 


1 
I 


1 
1 
I 
I 
_____ 
.J 


6 
HOLD 
CAPACITOR 


FE and N Packages 


V+0 
8 
LOGIC 


OFFSET 
2 
7 
LOGIC 


ADJUST 
REFERENCE 


INPUT 3 
6 
Ch 


v- 
4 
5 
OUTPUT 


INPUT 
1 


NC 


14 VOS ADJ 


NC 


v+ 


11 
LOGIC 


LOGIC 
REFERENCE 


9 
NC 


8 
Ch 


SYM- 
PARAMETER 
RATING 
UNIT 
SOL 


Vs 
Voltage supply 
±18 
V 


PD 
Maximum power dissipation 
TA=25°C (still-air)1 


N package 
1160 
mW 


D package 
1090 
mW 


FE package 
780 
mW 


TA 
Operating ambient temperature 
range 


SE5537 
-55 to +125 
°C 


NE5537 
o to +70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


V1N 
Input voltage 
Equal to supply volt- 
age 


Logic to logic reference differential voltage2 
+7, -30 
V 


Output short circuit duration 
Indefinite 


Hold capacitor short circuit duration 
10 
s 


TsoLD 
Lead soldering temperature 
(1Osec max) 
300 
°C 


NOTES: 
1. 
Derate above 25°C at the following rates: 


FE package at6.2mWI"C 
N package at9.3mW/oC 
D package at 8.3mW/oC 


2. 
Although the differential 
voltage may not exceed the limits given, the common-mode 
voltage on the logic pins may be equal to the supply 
voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below 
the positive supply and 3V above the negative supply. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5537 
NE5537 
UNIT 


Min 
Typ 
Max 
Mln 
Typ 
Max 


TJ=25°C 
1 
3 
2 
7 
mV 


Vos 
Input offset voltage4 


Full temperature 
range 
5 
10 
mV 


TJ=25°C 
5 
25 
10 
50 
nA 


IBIAS 
Input bias current4 


Full temperature 
range 
75 
100 
nA 


Input impedance 
TJ=25°C 
10'0 
10'0 
n 


Gain 
error 
TJ=25°C 
0.002 
0.007 
0.004 
0.01 
% 


-10V~VIN~10V, RL=2kn 
-115VSV1NS11.5V, 


RL=10kn 


Full temperature 
range 
0.02 
0.02 
% 


Feedthrough 
attenuation 
TJ=25°C, 
CH=0.01flF 
86 
96 
80 
90 
dB 
ratio at 1kHz 


Output impedance 
TJ=25°C, "HOLD" mode 
0.5 
2 
O.S 
4 
n 


Full temperature 
range 
4 
6 


"HOLD" Step2 
TJ=2SoC, CwO.01f!F, VOUT=O 
O.S 
2.0 
1.0 
2.S 
mV 


Icc 
Supply current" 
TJ=2SoC 
4.S 
6.S 
4.S 
7.S 
mA 


Logic and logic reference 


input current 
TJ=2SoC 
2 
10 
2 
10 
f!A 


Leakage current into hold 
TJ=2SoC "hold" mode3 
6 
SO 
6 
100 
pA 
capacitor4 


Acquisition 
time to 0.1 % 
VOUT=10V, 
4 
4 
J.1S 
CH=1000pF 


CH=O.01flF 
20 
20 
fls 


Hold capacitor charging 
VlwVouT=2V 
5 
S 
mA 
current 


SVRR 
Supply voltage rejection ra- 
VOUT=OV 
80 
110 
80 
110 
dB 
tio 


Differential logic threshold 
TJ=25°C 
0.8 
1.4 
2.4 
0.8 
1.4 
2.4 
V 


NOTES: 
1. 
Unless otherwise 
specified, the following conditions apply: Unit is in "sample" mode. Vs=±15V, TJ=25°C, -11.5VSVINS11.5V, CH=O.01J.LF,and 
RL=2kn. 
Logic reference voltage=OV and logic voltage=2.5V. 
2. 
Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1pF, for instance, will create an 
additional 0.5mV step with a 5V logic swing and a 0.01 F hold capacitor. Magnitude of the hold step is inversely proportional 
to hold capacitor 
value. 
3. 
Leakage current is measured at a junction temperature 
of 25°C. The effects of junction temperature 
rise due to power dissipation or elevated 
ambient can be calculated 
by doubling the 25°C value for each 11°C increase in chip temperature. 
Leakage is guaranteed 
over full input 


signal range. 


4. 
These parameters 
guaranteed 
over a supply voltage range of ±5 to ±18V. 
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SAMPLE·AND·HOLD 
For many years designers have used the 
sample-and-hold 
(or track-and-hold) 
to 
operate on analog information 
in a time frame 
which is expedient. 


By sampling a segment of the information 
and holding it until the proper timing for 
converting to some form of control signal or 
readout, the designer maintains certain 
freedom in performing 
predetermined 


manipulative 
functions. Therefore, the 
sample-and-hold 
can be defined as a 
"selective analog memory cell". 


The memory is volatile and will also decay 
with time. 


When using the sample-and-hold 
method for 


evaluating signal information, 
the designer is 
given the added feature of eliminating outside 
noise elements. With the analog-to-digital 
converter products available today, the "DC 
memory" of the sample-and-hold 
can be 
easily converted to digital format and further 
incorporated 
into microprocessor-based 
systems. 


Parametric evaluation 
of the sample-and-hold 


will be discussed in the following paragraphs. 


Acquisition 
TIme - 
The time required to acquire a new analog 
input voltage with an output step of 1av. Note 
that acquisition 
time is not just the time 
required for the output to settle, but also 
includes the time required for all internal 
nodes to settle so that the output assumes 
the proper value when switched to the hold 
mode. 


Aperture 
Delay Tlme- 
The time elapsed from the hold command to the 
opening of the switch. "H4Aperture 
Jitterl 


Also called "aperture uncertainty time", it's the 
time variation 
or uncertainty 
with which 
the 


switch opens, or the time variation in aperture 
delay. 


Aperture 
Time- 
The delay required between "HOLD" command 
and an input analog transition, so that the tran- 
sition does not affect the held output. 


Bandwidth- 
The frequency 
at which the gain is down 3dB 


from its DC value. 
It's measured 
in sample 
(track) mode with a small-signal 
sine wave that 


doesn't exceed the slew rate limit. 


Dynamic 
Sampling 
Error- 
The error introduced into the hold output due to 
a changing 
analog input at the time the hold 
command 
is given. Error is expressed 
in mV 


with agiven hold capacitor value and input slew 
rate. Note that this error term occurs even for 
long sample times. 


Effective 
Aperture 
Delay - 
The time difference 
between 
the hold com- 
mand and the time at which the input signal is 
at the held voltage. 


Figure 
of Merlt- 
The ratio of the available charging current dur- 
ing sample mode to the leakage current during 
hold mode. 


Gain Error- 
The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a 
percent difference. 


Hold Mode Droop - 
The output voltage change per unit of time while 
in hold. Commonly 
specified in VIs, !'V/!'s 
or 
other convenient 
units. 


Hold Mode Feedthrough 
- 
The percentage 
of an input sinusoidal 
signal 
that is measured at the output of a sample-hold 
when it's in hold mode. 


Hold Settling 
Time- 
The time required for the output to settle within 
1mV of final value after the "HOLD" logic com- 
mand. 


Hold Step- 
The voltage 
step at the output 
of the sam- 
ple-and-hold 
when 
switching 
from 
sample 
mode to hold mode with a steady (DC) analog 
input voltage. Logic swing is 5V. 


Sample-to-Hold 
Offset 
Error- 
The difference 
in output voltage between the 


time the switch starts to open, and the time 
when the output has settled completely. 
It is 
caused by charge being transferred to the hold 
capacitor switch as it opens. 


Slew Rate- 
The fastest rate at which the sample-and-hold 
output can change (specified in V/!,s). 


Threshold 
Level - 
That level which causes the switch control to 
change state. 


BASIC BLOCK DIAGRAM 
The basic circuit concept of the 
sample-and-hold 
circuit incorporates 
the use 


of two (2) operational 
amplifiers and a switch 


control mechanism (which determines 
sample, hold or track conditions). 


The block diagram of the NE5537 is a closed 
loop, non-inverting 
unity gain 
sample-and-hold 
system. The input buffer 
amplifier supplies the current necessary to 


charge the hold capacitor, while the output 
buffer amplifier closes the loop so that the 
output voltage is identical to the input voltage 
(with consideration 
for input offset voltage, 


offset current, and temperature 
variations 


which are common to all sample-and-hold 
circuits, be they monolithic, 
hybrid or 


modular). 


When the sampling switch is open (in the 
hold mode), the clamping diodes close the 
loop around the input amplifier to keep it from 
being overdriven into saturation. 


The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample-and-hold 
device (See Figure 1). The 
switch control has a floating reference (Pin 
7), referred to as the logic reference which 
makes the sample-and-hold 
device 


compatible 
to several types of external logic 
signals (TIL, 
PMOS, and CMOS). The 


switching device operates at a threshold level 
of 1.4V. 


SAMPLESV~ 
LOGIC 
HOLOOV 
INPUT 


The switch mechanism 
is on (sampling an 
information 
stream) when the logic level is 
high (Pin 8 is 1.4V higher than Pin 7) and 
presents a load of 5!J.Ato the input logic 
signal. The analog sampled signal is 
amplified, stored (in the external holding 
capacitor), and buffered. At the end of the 
sampling period, the internal switch 
mechanism 
turns off (switch opens) and the 
"stored analog memory" information on the 
external capacitor (Pin 6) is loaded down by 
an operational 
amplifier connected 
in the 


unity gain non-inverting 
configuration. 
This 


input impedance of this amplifier is 
effectively: 


R 
= RIN (Aod I (1 + 1/A) 


where 
R 
= Effective input impedance 


RIN 
= Open-loop 
input impedance 


AOl 
= Open-loop gain 


A 
= AC loop gain 


Therefore, the higher the open-loop gain of 
the second operational 
amplifier, the larger 


the effective loading on the capacitor. The 
larger the load, the lower the "leakage" 
current and the better the droop 
characteristics. 


In actuality, the amplifiers are designed with 
special leakage current cancellation 
circuits 


along with FET input devices. The leakage 
current cancellation 
circuits give better high 


temperature 
operation. (Remember 
that the 
FET amplifiers double in required bias current 
for every 10 degree increase in junction 
temperature.) 


Sampling time for the NE553? is less than 
10!is (measured to 0.1% of input signal). 
Leakage current is 6pA at a rate output load 
of 2k.Q. 


BASIC APPLICATIONS 


MUltiplying 
DAC 
As depicted 
in the block diagram of Figure 2, 
the sample-and-hold 
circuit is used to supply a 


"variable" 
reference 
to 
the 
digital-ta-analog 
converter. As the input reference 
varies, 
the 


outputwill 
change in accordance with Equation 


I, shown in Figure 2. 


Varying the input signal reference level can 
aid the system in performing both 
compression 
and expansion operations. 
The 
multiplying 
DACs used are the Signetics 


NE/SE5008; 
however, if the rate of change of 


the reference variation is kept slow enough, a 
microprocessor-compatible 
DAC can be 
incorporated, 
such as the NE5018 or the 
NE5020. 


DATA ACQUISITION SYSTEMS 
As mentioned earlier, the designer may wish to 
operate 
on several 
different 
segments 
of an 


"analog" signal; however, he is limited by the 
fact that only one analog-to-digital 
converter 


channel is available to him. Figure 3 shows the 
means by which a multiplexing 
system may be 
accomplished. 


APPLICATION HINTS 


Hold Capacitor 
A significant source of error in an accurate 
sample-and-hold 
circuit is dielectric 
absorption 
in the hold capacitor. A mylar cap, 
for instance, may "sag back" up to 0.2% after 
a quick change in voltage. A long "soak" time 
is required before the circuit can be put back 
in the hold mode with this type of capacitor. 
Dielectrics with very low hysteresis are 
polystyrene, 
polypropylene, 
and teflon. Other 
types such as mica and polycarbonate 
are 
not nearly as good. Ceramic is unusable with 
>1% hysteresis. The advantage 
of 
polypropylene 
over polystyrene 
is that it 


NOTE: 
VOUT' 
V1Nx 2~ 
(20 l:\) + 21Dl 
+ 270,) 
Equation 1 


Figure 2. MUltiplying 
DAC Application 
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Figure 3. Analog Data Multiplexing 


extends the maximum ambient temperature 
the hold capacitor voltage may be somewhat 


from 85°C to 100°C. The hysteresis 
different from the actual analog input. The 


relaxation time constant in polystyrene, 
for 
effect of these delays is opposite to the effect 
instance, is 10-50ms. If A-to-D conversion 
created by delays in the logic which switches 
can be made within 1ms, hysteresis error will 
the circuit from sample to hold. For example, 


be reduced by a factor of ten. 
consider an analog input of 20 Vp.p at 10kHz. 
Maximum dV/dt is 0.6V/!is. With no analog 
phase delay and lOOns logic delay, one could 
expect up to (0.1 !is) (0.6V1!is) =OOmV error if 
the "HOLD" signal arrived near maximum 
dV/dt of the input. A positive-going 
input 


would give a ±60mV error. Now assume a 
1MHz (adS) bandwidth for the overall analog 
loop. This generates a phase delay of lOOns. 
If the hold capacitor sees this exact delay, 
then error due to analog delay will be 
(0. 16!is) (0.6V/!is)=-96mV 
(analog) for a total 


of -36mV. To add to the confusion, analog 
delay is proportional 
to hold capacitor value, 


while digital delay remains constant. A family 
of curves (dynamic sampling error) is 
included to help estimate errors. 


DC ZEROING 
zeroing is accomplished 
by connecting the 
offset adjust pin to the wiper of a 1kw 
potentiometer 
which has one end tied to V+ 


and the other end tied through a resistor to 
ground. The resistor should be selected to 
give KO.6mA through the 1kw potentiometer. 


Sampling 
DynamiC Signals 
Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample-and-hold 
circuits. There exist finite phase delays 
through the sample-and-hold 
circuit causing 
an input-output phase of differential for 
moving signals. In addition, the series 
protection resistor (300n to Pin 6 of the 
NE553?) will add an RC time constant, over 
and above the slew rate limitation of the input 
buffer/current 
drive amplifier. This means that 


at the moment the "HOLD" command arrives, 


A curve labeled "Aperture Time" has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience 
a sudden change nearly 


coincident with the "HOLD" command. This 


curve is based on a 1mV error fed into the 
output. 


A second curve, "Hold Settling TIme," 
indicates the time required for the output to 
settle to 1mV after the "HOLD" command. 


Digital 
Feedthrough 
Fast rise time logic signals can cause hold er- 
rors by feeding externally 
into the analog input 


atthe same timetheamplifierisputinto 
the hold 


mode. To minimize this problem, board layout 
should keep logic lines as far as possible from 
the analog 
input. Grounded 
guarding 
traces 
may also be used around the input line, espe- 
cially 
if it is driven 
from 
a high 
impedance 
source. Reducing high amplitude logic signals 
to 2.5V will also help. 


Logic signals also couple to the hold 
capacitor. This hold capacitor should be 
guarded by a PC card trace connected to the 
sample-and-hold 
output. This will also 


minimize board leakage. 


SPECIAL 
NOTES 
1. Not all definitions herein defined are mea- 
sured parametrically 
for the NE5537. but 


are legitimate terms used in sam- 
ple-and-hold systems. 


2. 
Reference should be made to Design En- 
gineering, Volumes 23 (Nov. 8, 1978),25 
(Dec. 6, 1978) and 26 (Dec. 20, 1978) for 
articles written by Eugene Zuch of Datel 
Systems, Inc., for a further discussion of 
sample-and-hold 
circuits. 


3. 
Reference also made to National Semi- 
conductor Corporation's 
Special Functions 
Data Book (1976). 


High-speed 
single 
sample-and-hold 
amplifier 


Preliminary 
Specification 


GENERAL 
DESCRIPTION 


The TDA 1535B is a high-speed 
sample-and-hold 
amplifier 
with a 


total harmonic 
distortion 
of 0.001 %, 
and a very high signal-to-noise 
ratio. 


The excellent 
performance 
of the 


circuit makes it suitable 
for data 


acquisition 
systems 
with resolution 
up to 16 bits. The control 
input is 
TTL compatible. 


• 
High-speed: 
fast acquisition, 


hold-mode 
settling 
and aperture 


time 


• 
Small sample-to-hold 
offset step, 
low droop rate 


• 
Low noise: low total harmonic 
distortion 
and high 


signal-to-noise 
ratio 


• Control 
circuit with TTL input. 


The operation 
of the circuit will be 


explained 
using the application 


diagram 
(Fig.3). The circuit is a 


single Sample-and-Hold 
circuit. The 


several 
parts of the diagram 
will be 


described 
in the next sections. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
positive 
supply voltage 
4.5 
5.0 
5.5 
V 


VN 
negative 
supply voltage 
-5.5 
-5.0 
-4.5 
V 
- 
-100 
- 
dB 
THD 
total harmonic 
distortion 
- 
0.001 
- 
% 


SIN 
signal-to-noise 
ratio 
- 
110 
- 
dB 


lac 
acquisition 
time to 0.001% 
(8 V 
- 
2 
- 
~s 
step) 


Iav 
aperture 
uncertainty 
- 
0.1 
- 
ns 


B 
small signal bandwidth 
- 
2 
- 
MHz 


VSHO 
sample-to-hold 
offset step 
- 
2 
- 
mV 


dV/dt 
droop 
rate 
- 
40 
- 
mV/s 


tse 
hold-mode 
settling time 
- 
1 
- 
~s 


p.o. 
total power dissipation 
- 
225 
- 
mW 


T8mb 
operating 
ambient 
temperature 
-30 
- 
+85 
°C 
range 


EXTENDED 
TYPE NUMBER 


TDA1535B 


PACKAGE 


PIN POSITION 


DIL 


CODE 


SOT38 


PINS 


16 


SYMBOL 
PIN 
DESCRIPTION 


OUTPUT 
1 
output 


GND(A) 
2 
analog ground 


CAP 
3 
S/H capacitor 


n.c. 
4 
not connected 


CTRL 
5 
S/H control 


GND(D) 
6 
digital ground 


n.c. 
7 
not connected 


n.c. 
8 
not connected 


n.c. 
9 
not connected 


VN 
10 
negative 
supply voltage 


n.c. 
11 
not connected 


n.c. 
12 
not connected 


INPUT 
13 
input 


n.c. 
14 
not connected 


n.c. 
15 
not connected 


Vp 
16 
positive supply voltage 


High-speed 
single 
sample-and-hold 
amplifier 


Supply 
block 


The circuit must be supplied 
by a 
dual supply voltage. 
Nominally 
the 
supply voltages 
are plus and minus 
5 V. This supply voltage 
is needed 
for a rated output voltage 
of 8 VIt, 


but the circuit will also operate 
at 


lower supply voltages. 
Furthermore 
separate 
'grounds' 
for analog and 
digital signals are used. The supply 
circuit consists 
of a current 
source 
circuit which contains 
separate 
sources 
for the voltage 
follower, 
and 


the hold amplifier 
to prevent 
feedthrough 
in the hold condition. 
The supply acts as a current source, 
so the current consumption 
is 
almost 
independent 
of the supply 
voltage 
resulting 
in a good supply 
ripple rejection. 


Voltage follower 
amplifier 


The voltage 
follower 
amplifier 
is an 


operational 
amplifier 
in voltage 
follower 
configuration. 
It contains 
two PMOS input stages controlled 
by the S/H switch, 
one input stage 
for the track mode, the other for the 
hold mode. The input stage that is 
used in the hold mode has it's + 
input connected 
to the analog 
ground forcing 
the output to analog 
ground too. In this way, feedthrough 
of the input signal is prevented 
in 


the hold mode. 


Hold switch 


The hold switch is a large NMOS 
transistor 
with an on-resistance 
of 
50 n. In order to reduce the charge 
transfer 
of the digital signal into the 
analog 
path, two short-circuited 
NMOS transistors, 
with the inverse, 


digital signal on their gate, are 
added on both sides of the switching 
transistor. 


CTRL 


GND(D) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Vp 
positive 
supply voltage 
- 
6 
V 


VN 
negative 
supply voltage 
-6 
- 
V 


T"g 


storage 
temperature 
-55 
+150 
°c 
range 


Tamb 
operating 
ambient 
-30 
+85 
°C 
temperature 
range 


Yes 
electrostatic 
handling 
see note 1 
-2000 
+2000 
V 


Note 


1. Equivalent 
to discharging 
a 100 pF capacitor 
through 
a 1.5 kn series 


resistor. 


PARAMETER 


from junction-to-ambient 


High-speed 
single 
sample-and-hold 
amplifier 


Hold amplifier 


The hold amplifier 
is an operational 
amplifier 
similar to the voltage 
follower 
amplifier. 
The PMOS 
transistors 
of the input stage are 


very useful for a hold amplifier 
because 
of the very low 


input-current, 
resulting 
in a low 
droop rate and a low input current 
noise. The tail current and the W/L 
of the PMOS input transistors 
are 


chosen 
in such a way that a very 
good noise performance 
is 


achieved. 
The input stage is 
followed 
by a voltage 
gain stage. 
This stage is optimized 
for linearity 
and output voltage swing. The usual 
linearity 
problems, 
caused 
by the 
non-linearity 
of the current source 
load, are prevented 
by the use of a 
special PMOS cas coded current 
source. 
In this way linearity 
improves 
with more than 20 dB thus 
offering 
distortion 
figures 
in the track 
mode lower than - 100 dB for input 


Preliminary 
Specification 


frequencies 
up to 20 kHz and output 
voltages 
up to 8 Vtt. 


Sample-and-hold 
control 


The sample-and-hold 
control 
input is 


a TTL compatible 
input. The signal 
on this input controls 
the switches 
mentioned 
in the above sections 
in 
~he correct timing order. The supply 


IS taken from the 'Vp' pin via an 
on-chip 
separate 
supply line. 


High-speed single 
sample-and-hold amplifier 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Vp 
positive 
supply voltage 
4.5 
5.0 
5.5 
V 


VN 
negative 
supply voltage 
-5.5 
-5.0 
--4.5 
V 
Ip 
positive 
supply current 
- 
22 
- 
mA 


IN 
negative 
supply current 
- 
-23 
- 
mA 


P,OI 
total power dissipation 
- 
225 
- 
mW 


Input/Output 


Av 
gain 
note 2 
- 
-1 
- 
VN 


Vi 
input voltage 
(RMS value) 
- 
- 
2.82 
V 


Sample 
mode 


THO 
total harmonic 
distortion 
notes 1,2,3 
- 
-100 
- 
dB 


SNR 
SIN ratio 
notes 1,2,3 
- 
110 
- 
dB 


B 
small signal band width 
- 
2 
- 
MHz 


Sample/hold 
mode 


lad 
aperture 
delay time 
see Fig.4 
- 
100 
- 
ns 


Iav 
aperture 
uncertainly 
(RMS) 
see Fig.4 
0 
0.1 
0.2 
ns 


VSHO 
sample-to-hold 
(pedestal) 
see Fig.4 
- 
2 
- 
mV 


dV/dt 
offset step 
see Fig.4 
- 
40 
- 
mV/s 
droop rate 


lac 
acquisition 
time to 0.001 % 
see Fig.4 
- 
2 
- 
lls 


tse 
hold-mode 
settling time 
see Fig.4 
- 
1 
- 
lls 


THDF 
total harmonic 
distortion 
functional 
notes 1,4 
- 
-100 
-96 
dB 


Supply 
voltage 
ripple rejection 


SVRR 
note 5 
- 
80 
- 
dB 


SVRR 
note 5 
55 
80 
- 
dB 


Digital inputs 


V1H 
digital input voltage, 
hold mode (logic 1) 
2 
- 
Vp 
V 


IIH 
digital input current, 
sample 
mode 
V1H= 2.4 V 
- 
- 
20 
llA 


V1L 
digital input voltage, 
sample mode (logic 0) 
0 
- 
0.8 
V 


IlL 
digital input current, 
hold mode 
V1L= 0.4 V 
--400 
- 
- 
llA 


Notes 


1. 
Over audio band (20 Hz to 20 kHz). 


2. 
In sampling 
mode. 


3. 
At maximum 
input signal. 


4. 
Distortion 
of sampled 
signal at a sample 
frequency 
of 50 kHz. 


5. 
The ripple rejection 
is measured 
at the output of the hold amplifier; 
amplitude 
= 0.5 Vtt. f = 100 Hz to 10kHz. 


High-speed 
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Section 12 
Position Measurement 


DESCRIPTION 
The NE/SA/SE5521 
is a signal conditioning 
circuit for use with Linear Variable Differential 
Transformers 
(LVDTs) and Rotary Variable 
Differential Transformers 
(RVDTs). 
The chip 


includes a low distortion, amplitude-stable 
sine wave oscillator with programmable 
frequency to drive the primary of the 
LVDT/RVDT, a synchronous 
demodulator 
to 
convert the LVDT/RVDT output amplitude 
and phase to position information, 
and an 


output ampliifier to provide amplification 
and 
filtering of the demodulated 
signal. 


• Single supply 5V to 20V, or dual supply 
±2.5V to ±10V 


• Oscillator frequency 
1kHz to 20kHz 


• Capable of ratio metric operation 


• Low power consumption 
(182mV typ) 


• LVDT signal conditioning 


• RVDT signal conditioning 


• LPDT signal conditioning 


• Bridge circuits 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


18-Pin Plastic DIP 
o to +70°C 
NE5521 N 


16-Pin SOL Package 
o to +70°C 
NE5521 D 


18-Pin Plastic DIP 
-40 to +85°C 
SA5521 N 


18-Pin Cerdip 
-55 to +125°C 
SE5521 F 


16-Pin Cerdip 
-40 to +85°C 
SA5521D 


17 
CT 


11 
RT 


v+ 
18 


-IN 


+IN 


AMP 
OUT 


1 
VREF 


1 
FEEDBACK 


1 
osc 
,= 


1 
VREF/2 


RT 


1 
N.C. 


1 
VREF 


1 
FEEDBACK 


1 
OSC 


PIN NO. 
SYMBOL 
DEFINITION 


D 
F, N 


1 
1 
Amp Out 
Auxiliary Amplifier Out. 


2 
2 
+IN 
Auxiliary Amplifier non-inverting 
input. 


3 
3 
-IN 
Auxiliary Amplifier inverting input. 


4 
4 
LVDT IN 
Input to Synchronous 
Demodulator from the LVDT/RVDT secondary. 


5 
5 
DEMOD OUT 
Pulsating DC output from the Synchronous 
Demodulator output. 
This voltage should be filtered before 
use. 


6 
6 
SYNC 
Synchronizing 
input for the Synchronizing 
Demodulator. 
This input should be connected 
to the OSC or 
OS'C output. 
Sync is referenced to VREF/2. 


7 
7 
GND 
Device return. 
Should be connected to system ground or to the negative supply. 


8 
8 
NC 
No internal connection. 


-- 
9 
NC 
No internal connection. 
-- 
10 
NC 
No internal connection. 


9 
11 
RT 
A temperature 
stable 18k.Q resistor should be connected between this pin and Pin 7. 


10 
12 
VREF/2 
A high impedance source of one half the potential applied to VREF. The LVDT/RVDT secondary return 
should be to this point. A bypass capacitor with low impedance at the oscillator frequency 
should also be 
connected between this pin and ground. 


11 
13 
OS'C 
Oscillator sine wave output that is 180° out of phase with the OSC signal. 
The LVDT/RVDT 
primary is 
usually connected between OSC and OS'C pins. 


12 
14 
OSC 
Oscillator sine wave output. 
The LVDT/RVDT primaries are usually connected 
between OSC and OS'C 
pins. 


13 
15 
FEEDBACK 
Usually connected to the OSC output for unity gain, a resistor between this pin and OSC, and one 
between this pin and ground can provide for a change in the oscillator output pin amplitudes. 


14 
16 
VREF 
Reference voltage input for the oscillator and sine converter. 
This voltage MUST be stable and must not 


exceed +V supply voltage. 


15 
17 
CT 
Oscillator frequency-determining 
capacitor. 
The capacitor connected between this pin and ground should 
be a temperature-stable 
type. 


16 
18 
+V 
Positive supply connection. 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
+20 
V 


Split supply voltage 
±10 
V 


Operating 
temperature 
range 


TA 


NE5521 
o to 70 
°C 
SA5521 
-40 to +85 
°C 
SE5521 
-55 to +125 
°C 


TSTG 
Storage temperature 
range 
-<i5 to +125 
°C 


Po 
Power dissipation 1 
910 
mW 


NOTES: 
1. 
For derating, see typical power dissipation 
versus load curves (Figure 1). 


DC ELECTRICAL CHARACTERISTICS 
V+ = VREF= 10V, TA = 0 to 70°C for NE5521, TA = -55 to +125°C for SE5521, TA = --40 to 85°C for SA5521, Frequency = 1kHz, unless 


otherwise noted. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE5521 
SAlSE5521 
UNIT 


Min 
Typ 
Max 
Min 
Typ 
Max 


Vcc 
Supply current 
12.9 
20 
12.9 
18 
mA 


IREF 
Reference current 
5.3 
8 
5.3 
8 
mA 


VREF 
Reference voltage range 
5 
V+ 
5 
V+ 
V 


PD 
Power dissipation 
182 
280 
182 
260 
mW 


Oscillator Section 


Oscillator output 
RL = 10kQ 
VREF 
VREF 
VRMS 
8.8 
8.8 


THD 
Sine wave distortion 
No load 
1.5 
1.5 
% 


Initial amplitude error 
TA = 25°C 
0.4 
±3 
0.4 
±3 
% 


Tempco of amplitude 
0.005 
0.01 
0.005 
0.01 
%rC 


Init. accuracy of oscillator freq. 
TA = 25°C 
±D.9 
±5 
±D.9 
±5 
% 


Temperature coeff. of frequency 1 
0.05 
0.05 
%/OC 


Voltage coeff. of frequency 
2.5 
3.3 
%N(VREF} 


Min OSC (OS"C) Loa& 
300 
170 
300 
170 
Q 


Demodulator Section 


E, 
Linearity error 
5Vp_pinput 
±D.05 
±D.l 
±D.05 
±D.l 
%FS 


Maximum demodulator 
input 
VREF 
VREF 
Vp_p 


2 
2 


Vas 
Demodulator 
offset voltage 
±1.4 
±5 
±1.4 
±5 
mV 


TCVos 
Demodulator 
offset voltage drift 
5 
25 
5 
25 
JlV/5C 


IBIAS 
Demodulator 
input current 
--<300 
-234 
-500 
-234 
nA 


VRJ2accuracy 
±D_l 
+1 
±D.l 
+1 
% 


Auxiliary Output Amplifier 


vas 
Input offset voltage 
±D.5 
±5 
±D_5 
±5 
mV 


IBIAS 
Input bias current 
--<300 
-210 
-500 
-210 
nA 


los 
Input offset current 
10 
50 
10 
50 
nA 


Av 
Gain 
100 
385 
100 
385 
V/mV 


SR 
Slew rate 
1.3 
1.3 
V/Jls 


GBW 
Unity gain bandwidth product 
Av= 
1 
1.6 
1.6 
MHz 


Output voltage swing 
RL = 10kQ 
7 
8.2 
7 
8.2 
V 


Output short circuit current to 
TA = 25°C 
42 
100 
42 
100 
mA 
ground or to Vcc 


NOTES: 
1. This is temperature 
coefficient of frequency for the device only. 
It is assumed that CT and RT are fixed in value and CT leakage is fixed over 


the operating temperature 
range. 
2. 
Minimum load impedance 
for which distortion is guaranteed 
to be less than 5%. 


Oscillator 
Output 
RMS value of the AC voltage at the oscillator output pin. This output is referenced to VREFI2 
and is a function of VREF. 


Sine Wave Distortion 
The Total Harmonic Distortion (THD) of the oscillator output with no load. 
This is not a 


critical specification 
in LVDT/RVDT systems. 
This figure could be 15% or more iwthout 


affecting system performance. 


Initial 
Amplitude 
Error 
A measure of the interchangeability 
of NElSAlSE5521 
parts, not a characteristic 
of anyone 
part. It is the degree to which the oscillator output of a number of NElSAlSE5521 
samples 
will vary from the median of that sample. 


Initial Accuracy 
of Oscillator 
Frequency 
Another measure of the interchangeability 
of individual NE/SAlSE5521 
parts. 
This is the 


degree to which the oscillator frequency of anumber of NE/SAlSE5521 
samples will vary 
from the median of that sample with a given timing capaictor. 


Tempco 
of Oscillator 
Amplitude 
A measure of how the oscillator amplitude varies with ambient temperature 
as that 


temperature 
deviates from a 25°C ambient. 


Tempco 
of Oscillator 
Frequency 
A measure of how the oscillator frequency varies with ambient temperature 
as that 


temperature 
deviates from a 25°C ambient. 


Voltage 
Coefficient 
of Oscillator 
Frequency 
The degree to which the oscillator frequency will vary as the reference voltage (V REF) 
deviates from +1av. 


Min ose 
(OSC) Load 
Minimum load impedance for which distortion is guaranteed 
to be less than 5%. 


Linearity 
Error 
The degree to which the DC output of the demodulator/amplifier 
combination 
matches a 
change in the AC signal at the demodulator 
input. 
It is measured as the worst case nonlin- 
earity from a straight line drawn between positive and negative fullscale end points. 


Maximum 
Demodulator 
Input 
The maximum signal that can be applied to the demodulator 
iput without exceeding 
the spe- 
cified linearity error. 


APPLICATION 
INFORMATION 
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4. Device 
Power Dissipation 
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- OSC Load at +25°e 
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Section 13 
Motor Control and Remote Control 
Circuits 


PCF1252X 
Family 


TDA10231T 


TEA1041T 


TEA1088T 


UAA1300 


Power failure detector and reset generator 
695 


Proportional-control 
triac triggering circuit 
.. 
. 
705 


Battery low-level indicator 
. . . . . 720 


Switched-mode 
power supply battery charger control circuit ... 
728 


Voltage regulator with watchdog for microprocessor/controller 
systems 
. 744 


Preliminary 
specification 


GENERAL 
DESCRIPTION 


The PCF1252-X family are CMOS voltage detectors designed especially for power-ON/OF F detection 
in microcontroller/microprocessor 
systems (for initialization 
and data storage purposes). The output 
POWF is activated at a precise, temperature stable, trip-point. 
The RESET output hasa built-in delay 
with duration determined by an external capacitor (CCT). A second comparator (comparator 2) has 
been included to allow for the possibility of a second monitoring point in the system. 


Features 


• 
Low current consumption, typically 
6 IlA 
• 
10 versions available, trip-points vary from 2.55 V to 4.75 V 
• 
Temperature stable trip-point 
• 
Variable RESET delay 
• 
Reset polarity selection 
• 
Comparator for second level detection (e.g. overvoltage detection) 
• 
Advance warning of power failure 


PACKAGE OUTLINES 


PCF1252-XP: 8-lead DIL; plastic (SOT97). 
PCF1252-XT: 8-lead mini-pack; plastic (S08; SOT96A). 


pin no. 
mnemonic 
description 


1 
CT 
connection 
for the external 
capacitor 


2 
SELECT 
select polarity 
or external 
reset input 


3 
COMIN 
comparator 
input 


4 
VSS 
ground 
(0 V) 


5 
COMOUT 
comparator 
output 


6 
RESET 
reset output 


7 
POWF 
power failure 
signal output 


8 
VDD 
positive 
supply 
voltage 


FUNCTIONAL 
DESCRIPTION 
(seeFig.l) 


The PCF1252-X contains a precise factory-programmed voltage reference, two comparators and 
a delay circuit. The PCF1252-X family is comprised of 10 versions with varying voltage trip-points 
(VTR Ip), seesection "Characteristics". 


Supply 


The supply voltage (VOO) is internally divided before being compared, via comparator 1, with the 
internal reference voltage. 


POWF (seeFig.3) 


The POWF output is: 


• 
LOW, if VOO is below VTRIP. 


• 
HIGH, if VOO is above VTRIP. 


Power-ON reset (SELECT = LOW) 


As VOO risespast VTR Ip, a positive reset pulse is generated at RESET. The duration of the reset pulse 
(tR) is determined by the value of the external capacitor (CCT; maximum 1 JlF, seeFig.8) connected 
to CT. With no external capacitor connected, CCT assumesa minimum value of 100 pF. If SELECT is 
HIGH, the reset pulse is inverted. 


Power failure 


Ouring a power-OFF condition 
(VOO < VTRIP), POWF goes LOW. After a time delay (tsl. also 
determined by CCT, RESET goes HIGH. Any POWF output (VOO < VTRIP) will result in a 
subsequent RESET puIse. 


Voltage trip-point 


By selecting the voltage trip-point 
slightly higher than the minimum operating voltage of the 
microcontroller/microprocessor, 
there issufficient time for data storage before the power actually fails. 


In order to prevent oscillations around the voltage trip-point, 
a small hysteresis hasbeen included, 


resulting in a power-ON switching point that is higher than the voltage trip-point 
(minimum of 15 mVI. 


The voltage trip-point 
refers to the value at which power-OFF is signalled. 


Input to the second comparator (comparator 21.When used in conjunction with an external voltage 
divider, this allows a second point in the system to be monitored. This input has no built-in hysteresis. 
When not in useconnect to VOO' COMOUT will be LOW or HIGH depending on the voltage at 
COMIN: 


• 
COMOUT = HIGH, if voltage at COMIN is above the switch point VSP (typically 
1.30 VI. 


• 
COMOUT = LOW, if voltage at COMIN is below the switch point VSP (typically 
1.30 V). 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 
conditions 
symbol 
min. 
max. 
unit 


Supply voltage range 
VDD 
-0.5 
+7 
V 


Input voltage range 
VI 
-0.5 
VDD + 0.5 
V 


DC clamp-diode current 
all pins; 


I 
VI <-0.5V 
I 
I 
or> 
VDD + 
I 


+ 0.5 V 
II 
- 
20 
mA 


I 
Output current 
10 
20 
mA 
- 


Total power dissipation 
Ptot 
- 
150 
mW 


Storage temperature range 
Tstg 
-65 
+ 100 
°C 


Operating ambient tempetature range 
Tamb 
-40 
+ 85 
°C 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal handling precautions appropriate to handling MOS devices 
(see'Handling MOS Devices'). 


CHARACTERISTICS 
(see Fig.3) 
VOO = 2.4 V to 6.0 V; Vss = 0 V; T'lmh = -40 
0C to + 85 0C; unless otherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Supply voltage range 
VOO 
2.4 
- 
6.0 
V 


Voltage trip-point: 
Tamb = + 25 °C 


1 


PCF1252-0 
VTRIP 
4.70 
4.75 
4.80 
V 


PCF1252-1 
VTRIP 
4.50 
4.55 
4.60 
V 


PCF1252-2 
VTRIP 
4.20 
[425 
4.30 
V 


PCF1252-3 
VTRIP 


14.00 
4.05 
4.10 
V 


PCF1252-4 
IVTRIP 
3.70 
3.75 
3.80 
V 


PCF1252-5 
VTRIP 
13.50 
3.55 
3.60 
V 


PCF1252-6 
VTRIP 
3.20 
3.25 
3.30 
V 


PCF1252-7 
VTRIP 
3.00 
3.05 
3.10 
V 


PCF 1252-8 
VTRIP 
2.70 


12.75 
2.80 
V 


PCF 1252-9 
VTRIP 
2.50 


12.55 
2.60 
V 


Supply current 
Tamb = + 25 °C; 
; 
I 


see Figs 4 and 5 
VOO = 
VTRIP + 0.5 V; 
COMIN = Voo 
100 
- 
6 
10 
'JJ.A 


I 
I 


Voltage trip-point 


I ±1oo x 10-6 
temperature 
coefficient 
note 1 
t,vTRIP 
- 
±4oo x 10-6 /K 


Voltage trip-point 
hysteresis 
VH 
15 
30 
50 
mV 


COMIN switch point 
Tamb = + 25 °C 
VSP 
1.28 
1.30 
1.32 
V 


COMIN switch point 


temperature 
coefficient 
note 1 
t>Vsp 
- 
±0.1 
±0.5 
mV/K 


SELECT input voltage: 


LOW 
V,L 
- 
- 
1~3Voo 
V 


HIGH 
V,H 
0.7VOO 
- 
V 


SELECT and COMIN 
leakage current: 
LOW 
-IlL 
- 
- 
1.0 
JJ.A 


HIGH 
IlL 
- 
- 
1.0 
JJ.A 


POWF, RESET and COMOUT 


Output 
sink current 
see Fig.6; 
Va = 0.4 V; 
Voo 
= 2.4 V 
10 
1 
3 
- 
mA 


Output 
source current 
see Fig.7; 
VO=2.0V; 
VOO = 2.4 V 
-10 
0.75 
2 
- 
mA 


Reset time 
note 2; 
CCT = 1 nF 
tR 
400 
1000 
2000 
JJ.S 


Save time 
note 2; 
CCT = 1 nF 
ts 
40 
100 
200 
JlS 


Reset to savetime ratio 
tR/tS 
- 
10 
- 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


CT internal 
capacitance 
CINT 
- 
100 
- 
pF 


Notes to the characteristics 


1. Value given per degree 
Kelvin. Tested 
on a sample basis. 
2. Conformance 
to these specifications 
is only guaranteed 
when the slew rate of V DD is less than 
25 V/ms. 


.~[_ov 


RESET 
(SELECT 
= VSS) 


I 
reset 
1""- 
reset 


/ .tJ1J_ov 
L JL 
l- 


+80 
+120 


T amb 
1°C) 


Fig.4 
Supply 
current 
as a function 
of 


temperature; 
Voo 
= 5 V; 


COMIN 
= VOO· 


Voo 
= 


6V 


Fig.6 
Output 
sink current 
as a function 
of 


the output 
voltage. 


VTR1P 
= 


255 
v 


475 
v 


Fig.5 Supply 
current 
as a function 
of 


the supply voltage; T amb = + 25 °C. 


Fig.7 
Output 
source current 
as a function 
of 


the output 
voltage. 


// 


v 
V 


/ 
/ 


v 
./ 


......-- V 


Notes to Fig.8 


1. tR (typ.) = (0.1 + CCT) ms. 
2. ts 
(typ.) = (0.01 + 0.1 CCT) ms. 


PCF1252·X 
VDD 
VDD 


COMIN 


RESET 
RESET 
MICROCONTROLLER/ 
MICROPROCESSOR 


SELECT 


VSS 
CT 
VSS 


1 nF 


7Z24927 


1 
F ig.9 
Typical 
power·ON 
reset circuit 
for a m icrocontroller/m 
icroprocessor 
system; 


(when not used, COMIN 
must be connected 
to VDD). 


VDD 


RESET 


SELECT 


VSS 


RESET 


CT 


CHIP- 


DECODING 


LOGIC 


Fig.11 
Data retention 
circuit 
with external 
switchable 
reset for systems 


with a single voltage supply. 


Note to Fig.11 


1. For external 
reset application, 
the SE LECT input must be debounced. 


Proportional-control 
triac 


triggering circuit 


Product 
specification 


• 
Adjustable 
width of proportional 


range 


• 
Adjustable 
hysteresis 


• 
Adjustable 
width of trigger pulse 


• 
Adjustable 
repetition 
timing of 


firing burst 


• 
Control 
range translation 
facility 


• 
Fail safe operation 


• 
Supplied 
from the mains 


• 
Provides 
supply for external 


temperature 
bridge 


• 
Panel heaters 


• 
Temperature 
control 


GENERAL 
DESCRIPTION 


The TDA 1023 is a bipolar integrated 
circuit for controlling 
triacs in a 
proportional 
time or burst firing 
mode. Permitting 
precise 
temperature 
control of heating 
equipment 
it is especially 
suited to 


the control of panel heaters. 
It 
generates 
positive-going 
trigger 
pulses but complies 
with regulations 


regarding 
mains waveform 
distortion 


and RF interference. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vcc 


supply voltage 
(derived from 
13.7 
V 
mains voltage) 


Vz 
stabilized 
supply voltage for 
. 
8 
- 
V 
temperature 
bridge 


116(AV) 
supply current (average 
value) 
- 
10 
- 
mA 


tw 
trigger pulse width 
- 
200 
- 
Ils 


Tb 
firing burst repetition 
time at Cr 
- 
41 
s 
= 681lF 


-IOH , 
output current 
- 
150 
mA 


Tamb 
operating 
ambient 
temperature 
-20 
- 
+75 
°C 
range 


'Negative 
current is defined as conventional 
current flow out of a device. A 


negative 
output current is suited for positive triac triggering. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA1023 
16 
DIL 
plastic 
SOT38 


TDA1023T 
16 
mini-pack 
plastic 
S016; 
SOT109A 


Proportional-control 
triac triggering 


circuit 


SYMBOL 
PIN 
DESCRIPTION 


Rpd 
1 
internal pull-down 
resistor 


n.c. 
2 
not connected 
Q 
3 
output 
HYS 
4 
hysteresis 
control 
input 


PR 
5 
proportional 
range control 
input 


CI 
6 
control input 


UR 
7 
unbuffered 
reference 
input 


QR 
8 
output of reference 
buffer 


BR 
9 
buffered 
reference 
input 


PW 
10 
pulse width control input 


Vz 
11 
reference 
supply output 


TB 
12 
firing burst repetition 
time control 
input 


VEE 
13 
ground 


Vcc 
14 
positive supply 


n.c. 
15 
not connected 
RX 
16 
external 
resistor connection 


Proportional-control 
triac triggering 
circuit 


The TDA 1023 generates 
pulses to 
trigger a triac. These pulses coincide 
with the zero excursions 
of the 
mains voltage, 
thus minimizing 
RF 
interference 
and mains supply 
transients. 
In order to gate the load 
on and off, the trigger 
pulses occur 


in bursts thus further 
reducing 
mains 
supply pollution. 
The average 
power 
in the load is varied by modifying 
the 
duration 
of the trigger 
pulse burst in 
accordance 
with the voltage 
difference 
between 
the control 
input 
CI and the reference 
input, either 
UR or BR. 


Power 
supply: 
Vcc, RX and Vz 
(pins 
14, 16 and 
11) 


The TDA 1023 is supplied 
from the 
AC mains via a resistor 
Ro to the RX 
connection 
(pin 16); the V EE 
connection 
(pin 13) is linked to the 
neutral line (see Fig.4a). A 
smoothing 
capacitor 
Cs should be 


coupled 
between 
the Vee and VEE 
connections. 


A rectifier diode is included 
between 


the RX and Vee connections 
whilst 


the DC supply voltage 
is limited by a 
chain of stabilizer 
diodes between 


the RX and VEE connections 
(see 
Fig.3). 


A stabilized 
reference 
voltage 
(Vz) is 
available 
at pin 11 to power an 
external temperature 
sensing 
bridge. 


Supply 
operation 


During the positive 
mains half-cycles 
the current through 
the external 
voltage dropping 
resistor 
Ro charges 
the external 
smoothing 
capacitor 
Cs 
until RX attains the stabilizing 
potential 
of the internal 
stabilizing 
diodes. 
Ro should be selected 
to be 
capable 
of supplying 
the current 
Ice 
for the TDA 1023, the average 
output 
current 
I3(Av), recharge 
the 
smoothing 
capacitor 
Cs and provide 


the supply for an external 
temperature 
bridge. (see Figs 9 to 
12). Any excess current is 
by-passed 
by the internal 
stabilizer 
diodes. The maximum 
rated supply 
current, 
however, 
must not be 
exceeded. 


During the negative 
mains 
half-cycles 
external 
smoothing 
capacitor 
Cs supplies 
the sum of the 
current demand 
described 
above. 
Its 
capacitance 
must be sufficiently 
high 
to maintain 
the supply voltage 
above 
the specified 
minimum. 


Dissipation 
in resistor 
Ro is halved 
by connecting 
a diode in series (see 
Fig.4b and 9 to 12). A further 
reduction 
in dissipation 
is possible 
by using a high quality dropping 
capacitor 
Co in series with a resistor 
Rso (see Figs 4c and 14). Protection 
of the TDA 1023 and the triac 
against mains-borne 
transients 
can 
be provided 
by connecting 
a suitable 
VDR across the mains input. 


Control 
and reference 
inputs 
CI, 
BR and UR (pins 
6, 9 and 7) 


For the control of room temperature 
(5 °C to 30 °C) optimum 
performance 
is obtained 
by using 
the translation 
circuit. The buffered 
reference 
input BR (pin 9) is used as 
a reference 
input whilst the output 
reference 
buffer OR (pin 8) is 
connected 
to the unbuffered 
reference 
input UR (pin 7). This 
ensures that the range of room 
temperature 
is encompassed 
in 
most of the rotation of the 
potentiometer 
to give a linear 
temperature 
scale with accurate 
setting. 


Should the translation 
circuit not be 
required, 
the unbuffered 
reference 
input UR (pin 7) is used as a 
reference 
input. The buffered 
reference 
input BR (pin 9) must then 
be connected 
to the reference 
supply output Vz (pin 11). 


For proportional 
power control the 


unbuffered 
reference 
input UR (pin 
7) must be connected 
to the firing 


burst repetition 
time control input TB 
(pin 12) .The buffered 
reference 


input BR (pin 9), which is in this 
instance 
inactive, 
must then be 


connected 
to the reference 
supply 


output Vz (pin 11). 


Proportional 
range 
control 
input 
PR (pin 5) 


The output duty factor changes 
from 
0% to 100% by a variation 
of 80 mV 
at the control input CI (pin 6) with 
the proportional 
range control 
input 


PR open. For temperature 
control 


this corresponds 
to a temperature 


difference 
of 1 K. 


By connecting 
the proportional 


range control 
input PR (pin 5) to 


ground the range may be increased 
to 400 mV, i.e. 5 K. Intermediate 
values may be obtained 
by 


connecting 
the PR input to ground 


via a resistor 
R5 (see Tabie 1). 


Hysteresis 
control 
input 
HYS (pin 
4) 


With the hysteresis 
control 
input 
HYS (pin 4) open, the device has a 
built-in hysteresis 
of 20 mV. For 


temperature 
control this 


corresponds 
with 0.25 K. 


Hysteresis 
is increased 
to 320 mV, 


corresponding 
to 4 K, by grounding 


HYS (pin 4). Intermediate 
values are 
obtained 
by connecting 
pin 4 via 


resistor 
R4 to ground. Table 1 


provides 
a set of values for R4 and 


R5 giving a fixed ratio between 
hysteresis 
and proportional 
range. 


Trigger 
pulse 
width 
control 
input 


PW (pin 
10) 


The width of the trigger 
pulse may 


be adjusted 
to the value required 
for 
the triac by choosing 
the value of 


the external synchronization 
resistor 


Rs between 
the trigger 
pulse width 


control 
input PW (pin 10) and the AC 


mains. The pulse width is inversely 
proportional 
to the input current 
(see 


Fig.13). 


Since the circuit has an open-emitter 
output it is capable 
of sourcing 


current. 
It is thus suited for 


generating 
positive-going 
trigger 
pulses. The output is current-limited 
and short-circuit 
protected. 
The 
maximum 
output current is 150 mA 
and the output pulses are stabilized 
at 10 V for output currents 
up to that 
value. 


To minimize 
the total supply current 
and power dissipation, 
a gate 
resistor 
RG must be connected 


between 
the output 0 and the triac 


gate to limit the output current to the 
minimum 
required 
by the triac (see 
Figs 5 to 8). 


Pull-down 
resistor 
Rpd(pin 1) 


The TDA1023 
includes 
a 1.75 kn 


pull-down 
resistor 
Rpd between 
pins 


1 and 13 (VEE, ground connection) 
intended 
for use with sensitive 
triacs. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vcc 
DC supply voltage 
16 
V 


Supply current 


I'SlAV) 
average 
30 
mA 


I'SIAM) 
repetitive 
peak 
100 
mA 


l,s(SM) 
non-repetitive 
peak (tp < 50 ~s) 
2 
A 


VI 
input voltage, 
all inputs 
16 
V 


Is.7.9. 10 
input current 
- 
10 
mA 


V, 
voltage on Rpd connection 
16 
V 


V3 
8.11 
output voltage, 
0, 
OR, Vz 
16 
V 


Output current 


-IOHIAV) 
average 
30 
mA 


-IOH1M) 
peak max. 300 ~s 
- 
700 
mA 


PlOt 
total power dissipation 
- 
500 
mW 


T519 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
range 
-20 
+75 
°C 


Proportional-control triac triggering 
circuit 


SYMBOL 


Supply 


internally 
stabilized 
supply voltage at 1'6 
=10mA 


supply current at V,6-13= 11 to 16 V 110 = 
1mA; f = 50 Hz; pin 11 open; V6-13> V7.13 


pins 4 and 5 grounded 


Reference 
supply 
output Vz (pin 11) for external 
temperature 
bridge 


V".13 
output voltage 


-I" 
output current 


Control and reference 
inputs CI, BR and UR (pins 6, 9 and 7) 


V6-13 
input voltage to inhibit the output 


16 7. 9 
input current 


Hysteresis 
control 
input HYS (pin 4) 


tN6 
hysteresis 


tN6 
hysteresis 


Proportional 
control 
range input PR (pin 5) 


/"N6 
proportional 
range 


/"N6 
proportional 
range 


Pulse width control 
input PW (pin 10) 


tw 
pulse width 
IIO(RMS) 
= 1mA; f = 50 Hz 


Firing burst repetition 
time control 
input TB (pin 12) 


firing burst repetition 
time. ratio to 
capacitor 
Cr 


Output of reference 
buffer OR (pin 8) 


output voltage 
at input voltage: 


Output 0 (pin 3) 


VOH 
output voltage 
HIGH 


-IOH 
output current 
HIGH 


Internal 
pull-down 
resistor 
Rpe!(pin 1) 


Rpd 
resistance 
to VEE 


pin 4 open 


pin 4 grounded 


pin 5 open 


pin 5 grounded 


V9-13 = 1.6 V 


Vg.13= 4.8 V 


Vg.13= 8 V 


UNIT 


12 
13.7 
15 
V 


30 
mV/mA 


6 
mA 


7.1 
mA 


V 


mA 


V 


llA 


mV 


mV 


mV 


mV 


lls 


msillF 


3.2 
V 


4.8 
V 


6.4 
V 


V 


mA 


kO 


Proportional-control 
triac triggering 


circuit 


Table 1 Adjustment 
of proportional 
range and hysteresis. 
Combinations 
of resistor values giving hysteresis> 
'/. 
proportional 
range. 


Proportional 
range 
Proportional 
range resistor 
Minimum 
hysteresis 
Maximum 
hysteresis 
resistor 


R5 
R4 


mV 
kQ 
mV 
kQ 


80 
open 
20 
open 


160 
3.3 
40 
9.1 


240 
1.1 
60 
4.3 


320 
0.43 
80 
2.7 


400 
0 
100 
1.8 


Effective 
DC value 
Marked AC specification 
Catalogue 
number' 


f1F 
f1F 
V 


68 
47 
25 
222201690129 


47 
33 
40 
- - 90131 


33 
22 
25 
-01590102 


22 
15 
40 
- - 90101 


15 
10 
25 
- - 90099 


10 
6.8 
40 
- - 90098 


Note 


'Special 
electrolytic 
capacitors 
recommended 
for use with the TDA 1023. 
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Proportional-control triac triggering 
circuit 
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RX 
-u 
voltage 
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Vs 
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TDA1023 
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16 
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Proportional-control 
triac triggering 
circuit 
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Fig.9 
Vs = 110 V. 
Fig.10 
Vs = 220 V. 
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Proportional-control triac triggering 
circuit 
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Fig.11 
Vs= 240V. 
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Fig.12 
Vs = 380V. 
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Philips Semiconductors 


Proportional-control 
triac triggering 
circuit 
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Fig,14 
Nominal 
value of voltage dropping 
capacitor 
CD and power PRSD dissipated 
in a voltage dropping 
resistor RSD as a function 
of average 
supply current 
1'6 
(AV) with the mains supply voltage 
Vs as a parameter. 


Proportional-control 
triac triggering 
circuit 


RD 
RS 


VCC 
RX 
PW 


14 
16 
10 
Q 
RG 
11 
3 


TDA1023 
Rpd 


Conditions:- 
Mains supply; Vs = 220 V; Temperature 
range = 5 to 30°C. 


8T139 
data at Tj = 25°C; 
Vgt < 1.5 V; Ill' > 70 mA; IL < 60 mA 


AC mains 


-U 
voltage 
Vs 


Proportional-control 
triac triggering 
circuit 


SYMBOL 
PARAMETER 
REMARKS 
VALUE 


tw 
trigger 
pulse width 
see BT139 data sheet 
75 J.ls 


Rs 
synchronization 
resistor 
see Fig. 13 
180 kn 


RG 
gate resistor 
see Fig. 6 
110 n 


I3(Av) 
max. average 
gate current 
see Fig.8 
4.1 mA 


R4 
hysteresis 
resistor 
see Table 1 
n.c. 


R5 
proportional 
band resistor 
see Table 1 
n.c. 


I16(AV) 
min. required 
supply current 
11.1 mA 


RD 
mains dropping 
resistor 
see Fig. 10 
6.2 kn 


PRD 
power dissipated 
in RD 
see Fig.10 
4.6W 


CT 
timing capacitor 
(eff. value) 
see Table 2 
68 J.lF 


VDR 
voltage 
dependent 
resistor 
cat. no. 232259362512 
250 V AC 


D1 
rectifier diode 
BYW56 


R1 
resistor to pin 11 
1% tolerance 
18.7 kn 


RNTC 
NTC thermistor 
(at 25°C) 
B = 4200 K cat no. 2322 642 12223 
22 kn 


Rp 
potentiometer 
22 kn 


C1 
capacitor 
between 
pins 6 and 9 
47 nF 


Cs 
smoothing 
capacitor 
220J.lF; 16V 


If Ro and 01 are replaced 
by Co and Rso 


CD 
mains dropping 
capacitor 
470 nF 


Rso 
series dropping 
resistor 
390 n 


PRSO 
power dissipated 
in Rso 
see Fig.14 
0.6W 


VDR 
voltage 
dependent 
resistor 
cat. no. 2322 594 62512 
250 V AC 


Notes 


1. ON/OFF 
control: 
pin 12 connected 
to pin 13. 


2. If translation 
circuit is not required: 
slider of Rp to pin 7; pin 8 open; pin 9 connected 
to pin 11. 


• 
Optical signal following 
battery 
low-level 
detection 


• 
Additional 
warning 
('recharge 
needed') 
at end of system 
operation 


• 
One or two LED indication 


• 
Trigger 
level adjustable 


• 
Low stand-by 
current 


• 
Insensitive 
to interference 


• 
Few external 
components 


Intended 
for use with battery 
operated 
systems, 
the TEA1041T 
generates 
an optical alarm via one 
or two LEOs when the battery 
supply voltage 
falls below a preset 


threshold 
level. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
1.8 
- 
4.0 
V 


Ish 
stand-by 
current 
- 
- 
10 
IlA 


P'O' 
total power dissipation 
- 
- 
150 
mW 


IL 
output current 
LED outputs 
59 
mA 


EXTENDED 
TYPE 


NUMBER 
PINS 


TEA1041T 
8 


PACKAGE 


PIN POSITION 
MATERIAL 


S08 
plastic 


CODE 


SOT96A 


FUNCTIONAL 
DESCRIPTION 


Supply 
(pin 8) 


The supply voltage, 
which may 
range from 1.8 to 4.0 V, is 
connected 
to pin 8. 


Voltage 
sense 
input 
(pin 
1) 


Pin 1 is connected 
to a trigger circuit 
consisting 
of a trigger 
amplifier 
and 
a Schmitt trigger. 


An up / down counter 
in the control 
and timing logic is enabled 
when the 
potential 
at pin 1 falls below 1.25 V. 
Unless this voltage 
increases 
above 
1.25 V the counter 
will operate 
for 
approximately 
two seconds. 
When 
the voltage increases 
or the count is 
timed-out, 
the counter 
will then 
begin counting-down. 
The circuit is 
thus protected 
from any disturbance 
of less than two seconds 
duration. 
LED 1 becomes 
lit on the next 
occasion 
that for two seconds 
the 
potential 
on pin 1 is less than 1.25 V. 


Following 
low level detection 
the 
circuit is de-activated 
by operation 
of 
S1. For a period of 4 seconds 
LEOs 
1 and 2 will then each be alternately 
lit for a duration 
of approximately 
500 ms. 


LED 1 and LED 2 connections 
(pin 7, 6) 


The cathodes 
of LEOs 1 and 2 must 
be connected 
respectively 
to pins 7 
and 6. The circuit will also function 
with only LED 1 connected. 


Oscillator 
capacitor 
connection 
(pin 4) 


Circuit timing is provided 
by the 
internal 
OSCillator, the frequency 
of 
which is determind 
by a capacitor 
connected 
to pin 4. 


Forcing a current 
(max. 5 mAl into 
pin 4 permits direct monitoring 
of the 
trigger circuit at pins 6 and 7. When 
V, is above 
1.25 V, pin 7 will be LOW 
and pin 6 will be HIGH. Alternatively, 
when V, is below the 1.25 V 
threshold 
level pin 7 will be HIGH 
while pin 6 will be rendered 
LOW. 


This feature facilitates 
easier circuit 
adjustment. 


Pin 2 Test Pin 


An external clock signal may be 
connected 
to pin 2 for test purposes. 


This may be used to shorten 
the test 
time (see also test and application 
information). 


SYMBOL 
PIN 
DESCRIPTION 


VI 
1 
voltage 
sense 
input 


TEST 
2 
test pin 


Vsw 
3 
stand-by 


CT 
4 
oscillator 
capacitor 


GND 
5 
ground 


L2 
6 
LED 2 


L1 
7 
LED 1 


Vp 
8 
supply voltage 


CONTROL 
& TIMING 
LOGIC 


LIMITING 
VALUES 


In accordance 
with the absolute 
maximum 
system 
(lEX 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Tj 
junction 
temperature 
-25 
+125 
°C 


Tstg 
storage 
temperature 
range 
-25 
+125 
°C 


Vmax 
maximum 
voltage 
(pins 1, 3 and 8) 
-0.5 
4 
V 


Vmax 
maximum 
voltage 
(pins 6 and 7) 
-0.5 
5.5 
V 


I. 
maximum 
current 
into pin 4 
. 
5 
mA 


during 
1 lls into Vp 
90 
mA 


lmax 
maximum 
current 
into test pin 
0.5 
mA 


Plot 
total power dissipation 
150 
mW 


Tamb 
operating 
ambient 
temperature 
range 
-5 
+55 
°C 


Note 


Voltages 
with respect 
to 0 V unless otherwise 
specified 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT. 


Rlh 
thermal 
resistance 
mounted 
on PC board 
· 
240 
. 
KNV 


Rlh 
mounted 
on ceramic 
· 
170 
- 
KNV 


Rlh 
mounted 
with heatsink 
on 
120 
KNV 
ceramic 
- 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
range 
1.8 
- 
4 
V 


Vel 
clamp voltage 
Vp; Vsw; VI 
1= 10 mA 
· 
7.5 
8.5 
V 


Isw 
supply current 
Vp = 1.8 - 4 V 
0.65 
- 
2.2 
mA 


Ip 
Vp = 1.8 V; FF is not 
2.2 
. 
4.4 
mA 
triggered 


Ip 
Vp = 4 V; FF is triggered 
4 
- 
8 
mA 


1st> 
stand-by 
current 
measured 
1 s after S1 is 
10 
llA 
opened; 
Vp = 4 V 
- 


Trigger amplifier 
T 


VI 
threshold 
Tj = 25°C 
1.17 
1.25 
1.33 
V 


temperature 
coefficient 
-250 
- 
+250 
10-6/oC 
tNI 
lifetime drift threshold 
level 
· 
1 
- 
mV/1000h 


hysteresis 
at input VI due to 
3 
5 
7 
mV 
Schmitt trigger 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Timing 
circuitry 


tpLH 
from passing 
threshold 
at 
- 
propagation 
delay during 
input to 50% of output 
1 
10 
~s 
adjustment 
switching 
edge at 10 = 1 
mA 


ts 
settling time of IC during 
- 
- 
1 
ms 
adjustment 


fose 
oscillator 
frequency 
C = 10 nF; Vp = 2 to 2.8 V 
5.7 
8.2 
10.7 
kHz 


Ie 


required 
current 
Ie to switch 
2.2 
2.8 
mA 
adjusting 
circuitry 


Output circuit 


III 
output current 
Vll = VlB2 = 0.5 V; 
14 
20 
39 
mA 


Vp=1.8V 


112 
Vll = Cl2 = 2.5 V 
- 
- 
59 
mA 


Vp = 4 V 


L'.ll 
output current difference 
100 
-15 
- 
+15 
% 


(Ill 
- 112 / (Ill + 1l2) /2) 


Vsat 
output saturation 
voltage 
Ill; 
112 = 10 mA 
- 
- 
200 
mV 


output leakage 
current 
Tj ~ 55°C; Vp = 4 V 
- 
- 
10 
~A 


Test pin TP 


V2 
high voltage 
level 
used as output 
450 
- 
- 
mV 


V2 
low voltage 
level 
used as output 
- 
- 
150 
mV 


+ITP 
required 
input current high 
used as input 
300 
- 
- 
~A 


-ITP 
input current low 
used as input 
- 
- 
40 
~A 


fl••• 
maximum 
input frequency 
10 
- 
kHz 


C2 
11O nF 


8 


+ 
,.. 
I 
-l- 
L 


3 
5 


81 
-, 
I 
I 
I 


-, 
I 
I 
I 
I 
L 
~ 


Cl 
10 nF 


10% 


--x- 


0LfUL 


0.6 
V 
f = oscillator 
frequency 
output 
VTEST 
. 


o V 
64 


input 
-uL 


fTEST 


The circuit depicted 
in Fig. 4 is that 


realized on the standard 
application 


PCB. 


An external 
clock signal can be 
connected 
to pin 2 via a transistor. 
The oscillator 
frequency 
can be 
monitored 
when this pin is not in use. 


Application 
information 


The application 
circuit is simple and 


requires 
few external 
components. 


A potential 
divider 
R 1 - R2 is 
selected 
to permit achievement 
of 
the desired threshold 
level when the 
potential 
on pin 1 is 1.25 V. The sum 
of R1 and R2 should be 
approximately 
2 kil. 


To obtain an accurate 
oscillator 
frequency, 
the capacitor 
at pin 4 
should be 10 nF ± 10%. If necessary 
an alternative 
value may be chosen 
to influence 
the timing. 


LEDs such as the Philips 
PLED-H314A 
are the most suitable 
and should be capable 
of 


withstanding 
a forward 
current of at 
least 59 mA. 


The application 
PCB was designed 
to permit use with or without 
an 


external 
load. In the latter instance 
81 must be used to activate 
the 


battery monitor whilst 82 connects 
the load to its supply. 


C2 
?;r 
?;r 


110nF 


LED 2 
LED 1 


8 
6 


+ 
Rl 


"'T'" 
I 
TEA1041T 
......L 


R2 


3 
5 
4 


Sl 
C1 
S2 
10 nF 


10% 


MEA238 


10;;::' 
r 


5V 
CD 


CD 


~t 


REFERENCE 
TYPE 
VALUE 
UNIT 


R1 + R2 
±2 
kQ 


R3 
15 
kQ 


R4 
- 
1 
kQ 


C1 
- 
10 ±10% 
nF 


C2 
10 
nF 


LED1, LED2 
PLED-H314A 
- 
- 


T1 
BC547 
- 


Note 


The TEA 1041 must be soldered 
to the copper side of the printed-circuit 
board. 


Philips Semiconductors 
Linear Products 


Switched-mode power supply battery charger 
control circuit 


• SMPS control circuit 
fixed frequency/duty 
factor 
regulation 
emitter drive for power switch 
current mode control 
dynamic primary current limiting 


• Charge control circuit 


accurate output current setting 
fast, two stages, charge mode 
two hours fast charge protection 
limit 
trickle charge mode for full 
batteries 


• Voltage control circuit 
voltage regulation for connected 
mains and load 


• 
Battery monitor circuit 
accurate fully charged detection 
(- dV phenomenon) 


LOW-level detection 
and indication 


protection 
against faulty batteries, 


short or open-circuit 
data output for condition 
of charge 
processing 
very LOW stand-by current, 
< 10 llA 


The TEA 1088T is a control circuit 
which has been designed for use in a 
battery charger and/or monitor 
system. The device incorporates 
all 


the control and protection 
functions 
that are required in a switched-mode 
power supply used to deliver charge 
current. The circuit also achieves 


direct drive to the emitter of the 
SMPS power transistor. 
The battery monitor circuit includes a 
reliable battery-fUll detector which 
controls the switch-over 
from fast 


charge to trickle charge mode and, in 
the discharge mode, a battery-LOW 
detector with two outputs for an LED 
or buzzer warning indicator. 
Protections 
are provided against 


open-circuit, 
short-circuit 
or faulty 
batteries. 


The device is primarily designed to 
control two batteries in series. The 
number of cells can be extended by 
using a tap. 


EXTENDED 
PACKAGE 


TYPE NUMBER 
PINS 
I 
PIN POSITION 
IMATERIALI 
CODE 


TEA1088T 
16 
T S016 
I plastic 
I SOT162A 


Switched-mode 
power supply battery charger control 


circuit 


SYMBOL 
PARAMETER 
CONDITION 
MIN. 
TYP. 
MAX. 
UNIT 


Ve 
supply voltage 
charge 
5.5 
- 
31.0 
V 


Ie 
supply current 
charge 
- 
- 
19 
mA 


1,0 
supply current 
discharge 
- 
- 
12 
mA 


1,0 
stand by current 
- 
- 
10 
~ 
11 
SMPS transistor bias current 
- 
-2 
- 
mA 


V2-V3 
saturation voltage emitter 
12= 350 mA 
0.9 
- 
1.4 
V 
switch 


VlO 
battery voltage range 
2 cells 
1.8 
- 
4.0 
V 


V11 
threshold 
battery LOW 
1.17 
- 
1.33 
V 
indication 


113,14 
LED output currents 
V13,14= 0.5 V 
21 
30 
39 
mA 


V10 
voltage range of battery full 
2.3 
- 
4.3 
V 
detection 


VlO 
threshold for full indication 
- 
-22 
- 
mV 


Switched-mode 
power supply battery charger control 


circuit 


R 
FLIP 
Q 


R 
FLOP 


banery 
low 
LED' 
output 


banery 
low 
LE02 
output 


Switched-mode power supply battery charger control 
circuit 


SYMBOL 
PIN 
DESCRIPTION 


02 
1 
bias output 


01 
2 
collector 
PWM switch 


IT 
3 
emitter PWM switch/limit 
current sensor 


VIC 
4 
initialization supply input 


GND 
5 
ground 


VAT 
6 
take over supply input 


MI 
7 
loop stabilizer/slow 
start 


IIN 
8 
charge current sense input 


VIN 
9 
"VAC" smoothing 
capacitor 


VAC 
10 
battery voltage input 


BLI 
11 
battery LOW sense input 


LS 
12 
load state switch 


L1 
13 
battery LOW LED1 output 


L2 
14 
battery LOW LED2 output 


TEST 
15 
test pin 


OSC 
16 
oscillator 
RC connection 


The pin description 
of the device 
refers to external components 
as 
illustrated 
in the test circuit diagram 
(Fig.9). In this circuit the TEA1088T 
directly drives the emitter of the 
SMPS Darlington 
power transistor to 
provide fast switching 
and a wide 
reverse bias SOAR. 


The supply output characteristics 
are 
shown in Fig.4 and the operational 
cycles of the charger system are 
shown in Fig.5. 


The battery monitor circuit includes a 
reliable battery-full 
detector which 
controls switch-over 
from the fast 
charge to the trickle charge mode. 
The battery-fUll 
detector employs the 
phenomenon 
of an increase in 
battery voltage during charge due to 
the conversion 
of charge current into 
stored energy and, when the battery 
is full. a slight decrease in voltage 
due to a negative temperature 
coefficient 
when the charge current 


is only dissipative. 
During charging the battery voltage 
is carefully sampled every second, 
the SMPS is then stopped to prevent 
interference. 
When a reducing 
voltage, -dV. is measured in 
succession 
the detector circuit sets 
the trickle charge mode. 


In the discharge 
mode the battery 
LOW detector 
monitors the battery 
voltage and an output is given when 
the voltage drops below a set value. 
The output signals on the L1 and L2 
pins are given in Figure 6. The device 
can also be employed purely as a 
monitor, this is because the monitor 
circuit is separate from the charge 
circuit. Figure 8 gives an application 
example. 


Switched-mode 
power supply battery charger control 


circuit 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
MAX. 
UNIT 


Tj 
junction temperature 
-25 
+125 
°C 


TSl9 
storage temperature 
range 
-25 
+125 
°C 


V6 
voltages 
continuous 
-2.0 
31 
V 


peak during 100 ms; 
- 
45 
V 


non-repetition 


V10 
continuous 
- 
4.0 
V 


peak during 2 ~s; 
- 
12 
V 


50 ms repetition 


V1 
-5.0 
15 
V 


V2 
12=0 mA 
-0.5 
30 
V 


V11,V12 
-0.5 
4.0 
V 


V10 < 4 V 
-0.5 
V10+0.3 
V 


V8 
-0.5 
0.5 
V 


V13, V14 
-0.5 
10 
V 


12,13 
currents 
continuous 
0 
350 
mA 


peak 1 ~s 
0 
1.0 
A 


18,19,111 
- 
2.0 
mA 


h3 
- 
10 
mA 


h4 
battery LOW LED1 output 
- 
50 
mA 


PlOl 
total power dissipation 
Fig.3 
- 
500 
mW 


THERMAL 
RESISTANCE 


SYMBOL 
UNIT 
KN.J 


Switched-mode power supply battery charger control 
circuit 


printed-circuit 
board 
= 
Plot 
40 x 19 x 1.5 mm 


(mW) 


Supply (pins 4 and 6) 


Pin 6 is the main supply input for the 
device if it is employed as a battery 
charger. It can be fed from a DC or 
AC voltage source; the latter can be 
provided by a SMPS transformer 
winding. The positive value of an AC 
voltage has to be between 7 and 31 V 
(45 V peak) while the negative value is 
restricted 
to -2 V. 
Internally, the main supply voltage is 
series regulated to approximately 
6 V 
which is available at pin 4 for 
connection 
of a smoothing 
capacitor. 


Initialization 
is also accomplished 
via 
pin 4 by pre-charging 
the capacitor 
up to 7.5 V via a resistor from the 
system power source. At the start of 
system operation the supply on pin 6 
must take over. 
When the voltage at pin 4 drops 
below 3.9 V the circuit switches off 
and restart occurs via initialization. 


Output stage (pins 1, 2 and 3) 


The PWM output stage consists of a 
Darlington power transistor with the 
collector and emmitter 
connected 
to 
pins 2 and pin 3 respectively. The 
current capability 
is 500 mA peak. 


This transistor drives a Darlington 
high voltage transistor switch directly 
at its emitter to ensure a large 
reverse bias SOAR and fast 
switching. 
The base of the Darlington 
high voltage transistor 
is biased by a 
current source (> 1 mAl from pin 1 in 
combination 
with an external Zener 
diode and capacitor 
(pre-charged 
at 
initialization) 
in order to provide a low 
impedance 
base path during 
switching. 


Dynamic primary current limit 
(cycle-by-cycle) 
(pin 3) 


The primary switching 
current is 
sensed across an external resistor 
connected 
to the emitter of the PWM 
output switch at pin 3. Internally, the 
voltage on pin 3 is compared 
to a 
reference voltage which in turn is 
inverseiy proportional 
to the voltage 
difference 
between 
VAT (pin 6) and 


VAC (pin 10). This voltage difference 
reflects the input voltage of the 
system. This method compensates 
for primary current overshoot 
variations with input voltage which 
are caused by internal delay in the IC 
and storage time in the power 
transistor. The voltage reference level 
is defined by: 


Vrel = 0.44 
- 5 x 10-3 x VINiN M 


where (N = transformer 
winding ratio) 


Switched-mode power supply battery charger control 
circuit 


If the sense voltage rises above V,ef 
then the output is terminated 
every 


cycle. 


Modulator 
(pins 7 to 10) 


The PWM is connected 
with two 


error amplifiers for regulation of the 
SMPS output current and voltage. 
Voltage regulation is enabled only 
when the SMPS is operative and 
while the batteries are loaded (pin 12 
connected 
to ground). The current 


feedback 
input, pin 8, receives the 


current information 
from a resistor Rs 
in the output current loop. The 
voltage waveform across this resistor 
is negative-going 
but is shifted to a 


positive value by addition of a voltage 
la x R8 and integration with C8. (Ia is 
a reference current from pin 8). This 
feedback voltage is compared 
and 


regulated to the common 
potential, 


the output current is defined by: 
10= R9/Rs. 
The value of the reference current la 
depends on the operational 
state set 
by the control block which 
distinguishes: 


• 
First 17 minutes of charge la(typ.) 
=40~(2C) 


• 
Proceeding 
charge 
=20~(1C) 
• Trickle charge (on/off = 1/9) 
=20~(0.1C) 


• Current limit at voltage regulation 


= 461lA 


In the voltage regulation mode the 
battery output voltage is sensed at 
pin 10. Internally, this voltage is 
divided by two and made available at 
pin 9, for smoothing 
purpose only, 
and compared 
with a 1.25 V 
reference voltage. 


Pin 7 is connected 
directly to the 
summing point of the PWM input and 
the output from both error amplifiers. 
By connecting 
a capacitor 
between 
pin 7 and pin 3, the primary current 
sense voltage is added to the error 
signal which results in a current 
mode control that enhances load 
response and control loop stability. 
This capacitor 
also provides slow 
start at a start cycle. 


When the device is supplied via pin 6 
the minimum duty factor is restricted 
to 3% to ensure a continuous 
supply 
from the SMPS. The maximum duty 
factor is limited to 60%. 
Open or short-circuit 
battery output 
is detected via pin 10. If the voltage at 
pin 10 rises above 5 V or, in the 
charging mode, remains below 2 V 
durinq the first 4 charqe minutes, the 


circuit will switch off and the start-up 
procedure 
will be resumed. 


Load identification 
(pin 12) 


The switch input recognizes a load 
connected 
to the output by the state 
of switch S1. The difference 
between 
a closed switch or an open switch 
with short-circuit 
or flat batteries is 
identified if the external resistance 
value of R11 + R12 is greater than 
4.2 kQ. 


Battery LOW sense (pin 11) 


In the battery discharge 
mode the 
battery voltage is protected 
at pin 11 
via a resistor divider. The input is 
immune to any spurious interference 
from the load. When the voltage level 
drops below 1.25 V the indicator 
output at pin 13 is set. At load switch 


OFF (S1 open) the indicator outputs 
(pin 13 and pin 14) will give 
alternating 
bursts for 4 seconds. 


Indicator outputs (pins 13 and 14) 


The indicator outputs have an open 
collector with set current sink 
capability. When active, the output 
generates pulses at 2 kHz. When 
pins 13 and 14 are alternating, the 
output generates two bursts of these 
pulses at 4 Hz per cycle. More detailed 
information 
is given in Figure 6. 


These signals are suitable for driving 


LED and buzzer indicators. 


Serial data concerning 
the status of 


circuit operation from which the 
battery state-of -charge can be 
processed 
is also output from pin 13. 


Oscillator (pin 16) 


An R-C network sets the frequency of 
the oscillator. The switching 
frequency of the SMPS and all the 
internal timing is derived from this 
oscillator which should be nominally 
33 kHz. The capacitor 
is charged via 


pin 16 (flyback) and discharged 
by 
the parallel resistor. The required 
frequency 
is set with R = 36 kn and 


C = 560 pF. 


Switched-mode power supply battery charger control 
circuit 


Switched-mode power supply battery charger control 
circuit 


;J 


~( 
input 
, 


supply 
off 


max 
p 


max r - - 
""L-- 
I 
I 14 
I, 
charge 
1/1 
I 


current 
13 
I 
I 


--~ 
+ 
-dVevent 
battery 
full 


__ 
LCl 


nl__ 


~-- 


on 
L1 indicator 
off 


3 
5 
I I 


State 1; Boost charge. 
11 = 2 X 12 


State 2; Fast charge. 


12= (20 X 10-6) x R8/Rs. 


State 3; Trickle charge. 
13 = 0.1 X 12 
(i.e. 12 pulsed with 10% duty factor at 


1 Hz rate. 
State 4; Voltage regulation. 


Vo = 2.5 V; IO(max) = 2.3 X 12. 


Switched-mode power supply battery charger control 
circuit 


State 1; Boost charge current during 
17 minutes after supply turn 


on. The current 
11 is twice the 


fast charge current 
12. This 


state helps completely 


empty batteries, 
possibly 
reversed in polarity, to 
quickly regain their charge 
store potential. Within the 
first 4 charge minutes the 
battery voltage should rise 
above 2 V otherwise 
protection 
occurs by stop 


and initialization 
in repeating 


succession. 


State 2; Fast charge current that 
proceeds 
until either battery 
full is detected 
(-dV) or a 
maximum charge time of 
2 hrs is reached. 


State 3; Trickle charge which keeps 
the batteries fully charged. 
This current is sufficiently 
low not to harm the batteries 
when maintained for a long 
period. 


State 4; Output voltage regulation 
when both the charger is on 
and a load is applied to the 
batteries. This provides 
direct output power to the 
load even when the batteries 
are empty. 


State 5; Stand-by at neither input nor 
output. Negligible IC current 
(to keep the internal 
memories active) is drawn 
from the batteries. 


State 6; Discharge of the batteries. 


The monitor circuit is 
activated and senses the 


battery voltage. Signal 
output (L1) is given when the 
sense voltage drops below a 
set value 0lLow). 


State 7; By removing the load after 


state 6, both indicator 
outputs give signals in an 
alternating 
mode for 4 


seconds (see also Fig.6). 


Switched-mode power supply battery charger control 
circuit 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
I 
UNIT 


Supply 


V6 
take over supply 
5.5 
- 
31.0 
V 


16 
supply current 
10 
15 
19 
mA 


V4 
initialization 
level 
6.5 
7.0 
7.5 
V 


V4 
internal supply voltage output 
5.4 
6.5 
6.9 
V 
14 
supply current 
V6= OV 
6.5 
9.5 
12.5 
mA 
110 
input current 
stand-by 
- 
5.0 
10.0 
~ 


battery discharge 
6.0 
9.0 
12.0 
mA 


BLI blinking 
7.0 
10.5 
14 
mA 


count 2 hr timer 
4.9 
7.8 
10.8 
mA 


charging 
0.3 
0.5 
0.7 
mA 


Protection 
circuits 


V4 
LOW supply protection 
3.0 
3.5 
3.9 
V 
V10 
minimum input voltage 
charge period> 
1.8 
2.0 
2.2 
V 


4min. 


V1Q 
maximum input voltage 
4.5 
5.0 
5.5 
V 


Oscillator 
(supplied via V4 OrV10 = Vp) 


V16 
voltage level HIGH 
- 
4/5Vp 
- 
V 
V16 
voltage level LOW 
- 
1/5 Vp 
- 
V 


initial accuracy excluding 
V4=5.7V 
-10.0 
- 
+10.0 
% 


external components 


~f 
frequency deviation 
V4 to VlO supply 
- 
1.5 
3.0 
% 
f 
frequency 
R=36kn; 
- 
33.0 
- 
kHz 


C=560pF 


TCI 
temperature 
coefficient 
of 
- 
-150 
- 
10-6/oC 


frequency 


BLI function 


V10 
input voltage range 
1.8 
- 
4.0 
V 
V11 
BLI reference voltage 
1.17 
- 
1.33 
V 
TC,el 
temperature 
coefficient 
-250 
- 
+250 
10-6/oC 
reference 


41 
hysteresis reference voltage 
2.0 
3.5 
6.0 
mV 


output 
113,14 
BLI output current 
Vo=0.5V 
21 
30 
39 
mA 


113/114 
output currents match 
0.9 
1.0 
1.1 
mA 


V13,14 
saturation voltage 
10= 10mA 
- 
- 
200 
mV 


113,14 
leakage current 
Vo=4V 
- 
- 
10 
~ 
V13 
breakdown 
voltage 
10=10mA 
15.0 
17.0 
18.5 
V 
V14 
breakdown 
voltage 
10= 50 mA during 
15.0 
17.0 
18.5 
V 


burst 


f13,14 
frequency 
output signal 
- 
2 
- 
kHz 


f13,14 
burst frequency 
load switch off 
- 
1 
- 
Hz 
f13,14 
alternating frequency 
load switch off 
- 
4 
- 
Hz 


-<IV detector 


V10 
minimum input level 
- 
2.3 
2.5 
V 
V10 
maximum input level 
4.0 
4.3 
- 
V 


-<lVlO 
detector threshold 
15 
22 
30 
mV 
tm 
sampling time 
- 
1 
- 
ms 
t,ep 
sampling repetition 
- 
1 
- 
s 


Switched-mode power supply battery charger control 
circuit 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
I 
TYP. 
MAX. 
UNIT 


SMPS outputs 
I, 
bias output 
1.0 
2.0 
4.0 
mA 
V2-V3 
saturation voltage 
12=350mA 
0.9 
- 
1.4 
V 
V3 
current protection 
threshold 
VS-V10=3 V 
340 
425 
510 
mV 
voltage 


VS-V1Q=22V 
262 
328 
394 
mV 
tp(V2) 
minimum output pulse 
VS-V10> 25 V 
0.3 
0.6 
1.6 
l!s 
td 
current trip delay to output 
V3 = 1.2 XVlhreshold 
- 
0.6 
- 
l!s 


Modulator 


V1Q 
reference level 
voltage regulation 
2.4 
2.55 
2.7 
V 
TC 
temperature 
coefficient 
- 
+25 
- 
10-s/oC 
Vrelerence 
la 
reference input current 
fast charge 
-10 
-20 
-30 
!!A 


boost charge 
-20 
-40 
-BO 
!!A 
voltage regulation 
-26 
-46 
-B9 
!!A 
ratio reference current 
boosVfast charge 
1.9 
2.0 
2.1 


voltage regulator/ 
1.09 
1.15 
1.21 


boost charge 


Va 
reference level 
current regulation 
-10 
- 
+10 
mV 
17 
PWM input source current 
voltage level HIGH 
-B.5 
-10.0 
-13.5 
!!A 
PWM input sink current 
voltage level LOW 
6.5 
10.0 
13.5 
!!A 
V7 
maximum 
PWM input voltage 
slow start 
- 
0.8XV4 
- 
V 
d 
maximum duty factor 
55 
60 
65 
% 
Periods 


tinh 
inhibit time of -dV circuit 
start boost charge 
- 
4.3 
- 
min 


start fast charge 
- 
4.3 
- 
min 
tbc 
boost charge duration 
- 
17 
- 
min 
tIc 
maximum fast charge time 
- 
2.1 
- 
hr 
Computer 
control 
interface 


1,3 
status indication current source 
-490 
-820 
-1150 
!!A 
at L1 


Switched-mode 
power supply battery charger control 


circuit 


VAC 
occurenee 


ffiDIII 
DI 
I[]II 
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Ll 
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ffiDIII 
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I 
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I 
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Switched-mode 
power supply battery charger control 


circuit 
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vottage feedback 
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Switched-mode 
power supply battery charger control 
circuit 


'l 
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Switched-mode 
power supply battery charger control 


circuit 


3.6kn 


Rl1 
2.4 kfl 


511-152 


Lpr = 5 mH 


Np/Ns 
= 18:1 


C8 


22 nF ;l; 


C9 
;l; 22 nF 


With 
Ire! = 20 ~, 
R8 = 2 kn and Rs = 70 MO, the charge 
current 
level is 570 mA which 
is approximately 
1C for 


'half sub C' cells. 


Preliminary 
specification 


Voltage regulator with watchdog for 
microprocessor/controller 
systems 


• 
Driving circuit for external PNP 
power transistor with adjustable 
output voltage via sense path, 
short-circuit 
protected 
• Additional 5 Vl50 mA output for 
RAM buffering, short-circuit 
protected 
• Operating voltage range: 5.7 V to 
24V 
• Reset with adjustable trigger pulse 
length activated by output voltage 
<4.6V 
• Watchdog with adjustable input 
trigger window 
• 
Dual polarity reset and watchdog 
output pulse 
• 
Low line detection adjustable by 
external resistor ratio 
• 
Enable input to activate watchdog 
and driving circuit 
• 
Low quiescent currentlypical: 
380flA 
• Thermal protection 


GENERAL DESCRIPTION 


The UAA 1300 is a bipolar IC voltage 
regulator especially designed for use 


within 
an automotive 
environment 
and also suitable to provide 
enhanced facilities within many 
microcontroller 
applications. 
The 
UAA 1300 provides two stabilized 
low-drop outputs and offers special 
control functions to increase system 
protection 
and reliability. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


VDD 
supply voltage 
+5.7 
- 
+24 
V 


10 
quiescent current 
- 
380 
- 
flA 


Isb 
standby output 
50 
- 
- 
mA 
current 


Vsb 
standby output 
+4.9 
- 
+5.1 
V 
voltage 


L 
load regulation 
- 
1 
- 
mVI 
mA 


IOlp) 
driving current 
10 
- 
- 
mA 
external PNP 


G 
transconductance 
- 
+1.5 
- 
mAl 
(sense input) 
mV 


Tamb 
operating ambient 
VDD= 13V 
temperature 
range 
Isb= 50 mA 


80T27 
-40 
- 
+130 
°C 
80T163A 
-40 
- 
+85 
°C 


Plot 
total power 
see 
dissipation 
Fig.7 


EXTENDED 
PACKAGE 
TYPE NUMBER 
PINS 
I 
PIN POSITION 
I MATERIAL I 
CODE 
UAA1300 
14 
lOlL 
I plastic 
180T27 
UAA1300T 
20 
I mini-pack 
I plastic 
180T163A 
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UAA1300 


voo 
VSS 


GAP-REF. 
STANO-BY 
SUPPLY, 


SHORT-CIRCUIT 
PROTECTION 


Vsb'lsb 


Lli 
lolPI 


VSI 
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EN 
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EN 


LLI 


n.c. 


EN 
n.c. 


LLI 
LLO 


LLO 
WOI 


Cl3 


CT3 
n.C. 


Cl2 


WRO 


SYMBOL 
PIN 
DESCRIPTION 
SOT27 
SOT163A 


CT1 
1 
1 
reset-length 
Vst/lsb 
2 
2 
standby output: 5 Vl50 mA 


Voo 
3 
5 
supply voltage (line) 


IO(p) 
4 
6 
driving current external pnp 


VSI 
5 
7 
sense input extemal pnp 


WRO 
6 
9 
watchdog 
reset output active LOW 


WRO 
7 
10 
watchdog 
reset output active HIGH 


Vss 
8 
11 
ground 


CT2 
9 
12 
maximum watchdog 
period 


CT3 
10 
14 
minimum watchdog 
period 


WDI 
11 
15 
watchdog 
input 


ITO 
12 
16 
low line output 


Lli 
13 
19 
low line input 


EN 
14 
20 
enable input 
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watchdog 
reset 
oul 


aetiveLOW 


watchdog 
reset QuI 
active 
HIGH 


maximum 
watchdog 
period 
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STAND-BY 
SUPPLY, 


SHORT·CIRCUIT 
PROTECTION 


+ 
J;. C3 


4 
lolP) 


C5 


periodI 
(mm) 


C6I 


period 
(max) 


C7Ireset-length 


5V 
> O.SA 
voltage 
output 
IC3 
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The following features of the 
UAA 1300 are described below: 


• operating voltage range 


• outputs 
• WROIWRO activated by low 


output voltage 


• WROIWRO activated by WOI pulse 


timing 


• 
LLI detection 


• enable input 
• thermal protection 


Operating 
voltage 
range 


The UAA 1300 operates within a 
supply voltage range of +S.7 V to 
+24 V and provides reverse polarity 
protection 
and low line voltage 


detection. 


Outputs 


Two stabilized short-circuit 
protected; 
low drop outputs are 


provided: 


Output current 
100p) drives an external 
PNP power transistor when switched 
on by the enable input (EN). Voltage 
sense input (VSI) regulates the 
current at the external power 
transistor. With R = 0 n the voltage is 
5 V ± 100 mY. Using a resistor> 
0 n 


the output will be regulated to a 
voltage> 
SV (see Figs 4, 16, 17). 


A fixed SV/SO mA output Vstllsb 
supplies for example, storage circuits 
in microprocessor/controller 
systems. Not switched by enable 
input (EN). 


WROIWRO 
activated 
by low output 


voltage 


When either power or standby output 
voltage (pinning references 
100p), 


Vstllsb) < 4.6 V,the watchdog 
output 
stage is triggered by a signal from the 
voltage sense stages and forces a 
static watchdog 
reset output pulse 
~IWRO) 
when both the power 
and standby output voltage rise 
above 4.7 V.The duration of the pulse 
width is determined 
by the value of 
external capacitor C7 (see Figs Sand 
18). To operate with external series 
control transistor, the watchdog 
function must first be switched on by 
the enable input (EN). 


WROIWRO 
activated 
by watchdog 
input pulse (WOI) timing 


The watchdog 
input pulse (WOI) from 


the ~C/~P must be received within a 
time window determined by external 
capacitors 
CS and C6. When this is 
not achieved the watchdog 
output 


stage generates a WROIWRO pulse 
with fixed width of 40 ~s. Each rising 
edge at WOI restarts the timing cycle 
(see Figs 6 and 19). To operate, this 
watchdog 
function must first be 


switched on by the enable input (EN). 


-:1 ~---'--oi ---'--;=- 


4.7 v 


Fig.S Typical values; threshold voltage (falling) reseVno reset timing 
parameters. 
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An additional external capacitor 
C2 
prevents an initiation of an [[Q pulse 
which might otherwise be caused by 
short duration (transient) LLI voltage 
drops (see FigA). 


The UAA 1300 provides detection for 
low line input (LLI). 
This is achieved by use of a 
comparator 
which generates a low 
line output pulse (LLO) on detection 
of a low line inpu1 voltage (LLI) 
< 1.24 V.When the LLI < 1.24 V it is 
considered 
LOW M. When the 
LLI> 1.34 V it is considered 
HIGH M. 


The threshold voltage is adjusted by 
the external resistor ratio of R1/R2. 


Enable input 


When the Enable input (EN) is > 2 V 
the driving circuit for the external 
power transistor is switched on and 
the watchdog 
functions are 
activated. 


Thermal protection 


Outputs (pinning references 10(p)and 
Vst/lsb) are controlled 
by an internal 


temperature 
sense switch module 
which operates at a crystal 
temperature> 
150 'C switching 
off 
these outputs. The temperature 
sense switch resets at a crystal 
temperature" 
+130 'C and switches 
on both outputs. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


lamb 
operating ambient 
Voo= 13V 
temperature 
range 
lsb= 50mA 
SOT27 
-40 
+130 
'C 
SOT163A 
-40 
+85 
'C 


Ptot 
total power dissipation 
see Fig.7 


Tsta 
storage temperature 
range 
-55 
+150 
'C 


Voo 
supply voltage (reverse 
-25 
+25 
V 
polarity protected) 


Voo 
supply voltage 
t = 2 ms 
- 
+30 
V 


VI 
input voltages (all inputs) 
-0.5 
+7 
V 


II 
input current (all inputs) 
-5 
5 
mA 


Vo 
output voltages (LLO, WRO) 
- 
+7 
V 


10 
output current (LLO, WRO) 
- 
- 
10 
mA 


VOlpi 
output voltage (power) 
-0.5 
- 
Voo 
V 


10(0) 
output current (power) 
- 
25 
mA 


Vsb 
output voltage (standby) 
- 
Voo 
V 


lsb 
output current (standby) 
- 
100 
mA 
Dynamic 
limits; transient voltage: 


VES 
I electrostatic 
handling' 
VESfor all pins 
-2000 
- 
+2000 
V 


• Electrostatic 
handling is equivalent to discharging 
a 100 pF capacitor through a 1.5 kQ series resistor with a 
15 ns rise time. 
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(1) = 5020; 
SOT163A 


(2) = SOT27 (IDF14) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Voo 
supply voltage range for logic 
+4.2 
+24 
V 
functions 


100 
supply current without load 
input EN = LOW 
- 
380 
- 
liA 


Tamb 
operating ambient temperature 
-40 
+130 
°c 
range 


Standby 
output 


Vsb 
output voltage 
Voo min = +5.7 V 
+4.9 
+5 
+5.1 
V 


Isb 
current capability 
-50 
mA 


L 
load regulation 
- 
- 
1 
mVimA 


TCsb 
temperature 
coefficient of output 
- 
±400 
- 
livrc 


voltage 
RR 
ripple rejection 
f= 100 Hz 
- 
50 
dB 


Reference 
for external 
pnp-transistor 


10 
current capability 
10 
- 
- 
mA 


Vo 
limits for external voltage 
+5 
- 
Voo 
V 


G 
transconductance 
(sense input) 
0.4 
1.5 
- 
mNmV 


IS 
sense 
current 
VSI = +5V 
37.5 
50 
62.5 
liA 
Rs 
input resistance 
75 
100 
125 
kQ 


Temperature 
sense 


05 
threshold for rising temperature 
I 
+150 
°c 


lit. 
hysteresis of temperature sense 
- 
+30 
I °c 
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SYMBOL 
I 
PARAMETER 
I 
CONDITIONS 
I 
MIN. 
I 
TYP. 
I 
MAX. 
I 
UNIT 


Low-line 
detection 


ILLl/LOW 
input current LOW 
- 
- 
-0.2 
~ 


VTHL 
threshold voltage for falling 
temperature 
+1.22 
+1.24 
+1.26 
V 
voltage 
range -40°C 
to +130 °C 


VTHU 
hysteresis 
+90 
+100 
+110 
mV 


Tc 
temperature 
coefficient for 
- 
+300 
- 
JlV/oC 
hysteresis 


Low-line 
output 


VOL 
I output voltage LOW 
IIOL= 
2 mA 
I 
- 
+0.4 
V 


VOH 
I output voltage HIGH 
IIOH=50~ 
+3.4 
- 
I 
- 
Iv 


Enable input 


VIL 
I enable input voltage LOW 
r 
- 
+0.8 
V 


IlL 
enable input current LOW 
I 
I 
- 
I 
I 
-0.1 
I~ 


VIH 
I enable input voltage HIGH 
I 
I 
+2 
I 
- 
V 


Watchdog 
input 


VLW 
watchdog 
input voltage LOW 
- 
+0.8 
V 


ILW 
watchdog 
input current LOW 
- 
-0.2 
~ 
VHW 
watchdog 
input voltage HIGH 
+2 
- 
V 


ZI 
input impedance 
28 
50 
72 
k!l 


tWOI 
minimum input pulse length 
40 
- 
Jls 


Minimum 
and maximum 
Watchdog 
Period 


Iwo 
output current (pin shorted to 
-1 
-1.25 
-1.50 
JlA 
ground) 


tCIWO 
temperature coefficient of output 
-0.6 
%orc 
current 


VTH 
threshold for internal comparator 
- 
+1.24 
V 


Timing 
of watchdog 
function 
Range of useful external 
film-capacitors: 
100 pF to 1 JlF (C5/C6) 


twP 
watchdog 
minimum period 
C5 = 100 pF 
70 
100 
130 
Jls 


twP 
watchdog 
maximum period 
C6= 1 JlF 
700 
1000 
1300 
ms 


twDO 
duration of the watchdog 
25 
40 
55 
Jls 


output pulse 


Reset function: 
timing 


tRO 
I duration of the reset pulse 
I C7 = 100pF 
I 
100 
I 
- 
I Jls 


tRO 
I duration of the reset pulse 
C7 = 100 nF 
- 
100 
I 
- 
I ms 


Reset function: 
DC conditions 


V,h 
threshold voltage (falling) for 
4.5 
4.6 
4.7 
V 
reset on 


Ii 
hysteresis 
100 
- 
mV 
Tc 
temperature 
coefficient of 
- 
100 
- 
JlV/oC 
hysteresis 
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TEST VALUES, ADJUSTMENTS 
AND APPLICATION 
EXAMPLE 


The following figures (Figs 8 to 19) 
provide a test circuit. typical test 
values and voltage and timing 
adjustments. 
Figure 20 provides an 
application 
example for automotive 
environment. 


C4 
330 pF 
I 
11 


watchdog-In 


C6I 


penod 


(malt) 


C7Ireset-length 
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, 


! 


Fig.9 Standby output voltage (Vsb) as a function of 
line voltage (Voo); typical values; measured in 
Fig.B. 


1000 
WD reset 
pulse 
length 
(ms) 


100 


Fig.11 Watchdog reset pulse length as a function of 
external capacitors 
C5 or C6 or C7. 


RL= 


00 


" 


laD 
load 


: 
RL: ,, 
00' 
10 n load 


" 


Fig.10 Power output voltage (VO{p)) as a function of 
line voltage (Voo); typical values; measured in 
Fig.B. 


....•.••• 


\ 
\ 


Fig.12 Typical power output voltage (VO{p)) as a 
function of power output current (IO{p)); Voo = 7 V; 
behaviour is influenced by externally chosen 
transistor type. 
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Fig.13 Typical standby output voltage (Vsb) as a 
function of standby output current (Isb); Voo = 7 V. 


/ 
/ 


/ 
1/ 


/ 


/ 
/ 


/ 
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Fig.15 Quiescent current (II)minus standby output 
current (Isb) as a function of standby output current 
(Isb); Voo = 13 V. 


./ 
/ 
/ 


i••••.•.•.•. 


Fig.14 Quiescent current (Ii) as a function of line 
voltage (Voo); no load at standby output voltage 


(Vsb); enable (EN) not active. 


Fig.16 Adjustment 
of power output voltage (VOlpi); 


typical values of external adjustment 
resistors: 


circuit with high accuracy. 


Fig.1? Adjustment of power output voltage (VOlp)); 
typical values of external adjustment 
resistors: 


circuit with less accuracy but reduced current 
consumption 
of the application. 


Fig.18 Reset behaviour: watchdog 
reset output (WRO) timing as a 
function of output voltage (power VOlpi or standby Vsb) with external 
capacitor C? as a parameter. 


Voltage regulator with watchdog for 
microprocessor/controller 
systems 


WD1-ll 


I 


---~I' 


WD-putse 
period too long 
normal operation 


V'hmin 
= threshold voltage for WD(min) 


V'hmax = threshoid voltage for WD(max) 


td 
= internal delay 


normal operation: V'hmin must already be achieved 


V'hmax must not be achieved 


if these conditions 
are not present a WDI pulse will force a iJilROlWRO 
pulse at the output stage 


Fig.19 Reset behaviour: watchdog 
reset output (WRO) timing as a 
function of watchdog 
input (WDI) with external capacitors 
C5 and C6 as 
parameters. 


Voltage regulator with watchdog for 
microprocessor/controller 
systems 
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DESCRIPTION 
The NE/SE5560 
is a control circuit for use in 


switched-mode 
power supplies. This single 


monolithic chip incorporates 
all the control 
and housekeeping 
(protection) 
functions 
required in switched-mode 
power supplies. 
including an internaltemperature-compen- 
sated reference source. internal Zener 
references, sawtooth generator, pulse-width 
modulator, output stage and various 
protection circuits. 


FEATURES 


• Stabilized power supply 


• Temperature-compensated 
reference 
source 


• Sawtooth generator 


• Pulse-width modulator 


• Remote on/off switching 


• Current limiting 


• Low supply voltage protection 


• Loop fault protection 


• Demagnetization/overvoltage 
protection 


• Maximum duty cycle clamp 


• Feed-forward 
control 


• External synchronization 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic DIP 
o to 70°C 
NE5560N 


16-Pin Plastic Dip 
-55°C to 125°C 
SE5560N 


16-Pin Cerdip 
-55°C to 125°C 
SE5560F 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Supply' 


Vcc 
Voltage-forced 
mode 
+18 
V 


Icc 
Current-fed 
mode 
30 
mA 


Output transistor 
(at 2O-3OV max) 


louT 
Output current 
40 
mA 


Collector voltage (Pin 15) 
Vcc+l.4V 
V 


Max. emitter voltage (Pin 14) 
+5 
V 


TA 
Operating ambient temperature 
range 


SE5560 
-55 to +125 
°C 


NE5560 
Oto 70 
°C 


TSTO 
Storage temperature 
range 
-65 to +150 
°C 


NOTES: 
1. Does not include current for timing resistors or capacitors. 


vcc 
, 


Vz 
2 


FEEDBACK 
3 


GAl"! 
4 


DULATOR 
5 


DUTY CYCLE 
6 
CO"!TROL 


RT 
7 


CT 8 


OUTPUT (COLL) 


1 
OUTPUT (EMIT) 


, 
g~~~~6LTAGE 


GND 


!-' rl't:~~~T 


, 
REMOTE ON/OFF 


g 
~~RNAL 


FEED 
EXTERNAL 
FORWARD 
RT CT SYNC INPUT 
9 


10 
REMOTE 
ON/OFF 


DC ELECTRICAL CHARACTERISTICS 
TA=25°C, Vcc=12V, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5560 
NE5560 
I 
UNIT 


Min 
Typ I Max 
Min 
Typ 
Max I 


Reference sections 


VREF 
Internal reference voltage 
25°C 
3.69 
3.72 
3.81 
3.57 
3.72 
3.95 
V 


Over temperature 
3.65 
3.85 
3.53 
4.00 
V 


Temperature coefficient of VREF 
-100 
-100 
ppmioC 


Vz 
Internal Zener reference 
IL=-7mA 
7.8 
8.4 
8.8 
7.8 
8.4 
8.8 
V 


Temperature coefficient of Vz 
200 
200 
ppmfOC 


Oscillator section 


Frequency range 
Over temperature 
50 
lOOk 
50 
lOOk 
Hz 


Initial accuracy oscillator 
R=5kQ 
5 
5 
% 


Duty cycle range 
fo=20kHz 
0 
98 
0 
98 
% 


Modulator 


Modulation input current 
Voltage at Pin 5=2V Over 
0.2 
20 
0.2 
20 
IlA 
temperature 


Housekeeping 
function 


At2V 


Pin 6, input current 
Over temperature 
0.2 
20 
0.2 
20 
IlA 


IIN 
For 50% max duty cycle 


Pin 6, duty cycle limit control 
15kHz to 50kHzl41 % of Vz 
40 
50 
60 
40 
50 
60 
% of duty 
cycle 


Pin 1, low supply voltage protection 
8 
9.0 
105 
8 
9.0 
10.5 
V 
thresholds 


Pin 3, feedback loop protection trip 
400 
600 
720 
400 
600 
720 
mV 
threshold 


At2V 


Pin 3, pUll-Up current 
-7 
-15 
-35 
-7 
-15 
-35 
IlA 


Pin 13, demagnetizationiover-volt- 
Over temperature 
470 
600 
720 
470 
600 
720 
mV 
age protection trip on threshold 


AtO.25V 


IIN 
Pin 13, input current 
25°C 
-0.6 
-10 
-0.6 
-10 
IlA 


Over temperature 
-20 
-20 


Pin 16, feed-forward 
duty cycle con- 
Voltage at Pin 16=2Vz 
30 
40 
50 
30 
40 
50 
% original 
trol 
duty cycle 


At 16V, Vcc=18V 


'Pin 16, feed-forward 
input current 
25°C 
0.2 
5 
0.2 
5 
IlA 


Over temperature 
10 
10 
IlA 


External synchronization 


Pin 9 Off 
0 
0.8 
0 
0.8 
V 
On 
2 
Vz 
2 
Vz 
V 
Sink current 
Voltage at Pin 9=OV, 25°C 
-65 
-100 
-65 
-125 
IlA 


Over temperature 
-125 
-125 
IlA 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5560 
I 
NE5560 
I 
UNIT 


Min 
Typ I Max I Mln 
Typ 
Max 


Remote 


Pin 100ft 
a 
0.8 
a 
0.8 
V 


On 
2 
Vz 
2 
Vz 
V 


AtOV 


Sink current 
25°C 
-85 
-100 
-85 
-125 
flA 


Over temperature 
-125 
-125 
flA 


Current 
limiting 


IIN 
Pin 11 Input current 
Voltage at 
-2 
-20 
-2 
-20 
flA 


Pin 11=250mV 


25°C 


Over temperature 
-40 
-40 
flA 


Single pulse inhibit delay 
Inhibit delay time for 20% 
0.7 
0.8 
0.7 
0.8 
l-'s 
overdrive at 40mA lOUT 


OC, 
Trip Levels: Shut down, slow start, 
0.500 
0.600 
0.700 
0.500 
0.600 
0.700 
V 
low level 


OC2 
Current limit, high level 
0.400 
0.480 
0.560 
0.400 
0.560 
0.500 
V 


",OC 
Low Level in terms of high level, 
0.750 
0.800 
0.850 
0.750 
0.800 
0.850 
V 


OC1 


Error amplifier 


VOH 
Output voltage swing 
6.2 
9.5 
6.2 
9.5 
V 


VOL 
Output voltage swing 
0.7 
0.7 
V 


Open-loop 
gain 
54 
60 
54 
60 
dB 


RF 
Feedback resistor 
10k 
10k 
n 


BW 
Small-signal 
bandwidth 
3 
3 
MHz 


Output 
stage 


VeE(SAT) le=40mA 
0.5 
0.5 
V 


Output current (Pin 15) 
40 
40 
mA 


Max. emitter voltage (Pin 14) 
5 
6 
5 
6 
V 


Supply 
voltage/current' 


Ice 
Supply current 
Iz=O, voltage-forced, 


Vee=12V, 25°C 
10 
10 
mA 


Over temp. 
15 
15 
mA 


Vee 
Supply voltage 
lee= 1OmA current-fed 
20 
23 
19 
24 
V 


Vee 
Supply voltage 
Ice-30m A current-fed 
20 
30 
20 
30 
V 


NOTES: 
1. 
Does not include current for timing resistors or capacitors. 


NE5560 


Pin No 
Function 
Maximum 
Voltage 


1 
Vcc 
See Note 1 


2 
Vz 
Do not force (B.4V) 


3 
Feedback 
Vz 


4 
Gain 


5 
Modulator 
Vz 


6 
Duty Cycle Control 
Vz 


7 
RT 
Current force mode 


B 
CT 


9 
External Sync 
Vz 


10 
Remote OnlOff 
Vz 


11 
Current Limiting 
Vcc 


12 
GND 
GND 


13 
Demag netizationiOvervoltage 
Vcc 


14 
Output (Emit) 
Vz 


15 
Output (Collector) 
VCC+2VSE 


16 
Feed-forward 
Vcc 


NOTES: 
1. When voltage-forced, 
maximum is 1BV; when current-fed, 
maximum is 30mA. See voltage-/current-fed 
supply characteristic 
curve. 


TYPICAL 
PERFORMANCE 
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THEORY 
OF OPERATION 
The following functions are incorporated: 
- 
A temperature-compensated 
reference 
source. 


- 
An error amplifier with Pin 3 as input. 
The output is connected 
to Pin 4 so that 


the gain is adjustable 
with external resis- 


tors. 


- 
A sawtooth generator with a TTL-com- 
patible synchronization 
input (Pins 7, 8, 
9). 


- 
A pulse-width 
modulator with a duty 
cycle range from 0 to 95%. 


The PWM has two additional 
inputs: 


Pin 6 can be used for a precise selling of 


°MAX 


Pin 5 gives a direct access to the modulator, 
allowing for real constant-current 
operation: 


- 
A gate at the output of the PWM pro- 
vides a simple dynamic current limit. 


- 
A latch that is set by the flyback of the 
sawtooth and reset by the output pulse 
of the above mentioned 
gate prohibits 


double pulsing. 


- 
Another latch functions as a start-stop 
circuit; it provides a fast switch-off and a 
slow start. 


- 
A current protection circuit that operates 
via the start-stop circuit. This is a com- 
bined function with the current limit cir- 
cuit, therefore Pin 11 has two trip-on 
levels; the lower one for cycle-by-cycle 
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current limiting, the upper one for current 
protection by means of switch-off and 
slow-start. 


- 
A TTL-compatible 
remote on/off input at 
Pin 10, also operating via the start-stop 
circuit. 


- 
An inhibit input at Pin 13. The output 
pulse can be inhibited immediately. 


- 
An output gate that is commanded 
by 
the latches and the inhibit circuit. 


- 
An output transistor of which both the 
collector (Pin 15) and the emitter (Pin 
14) are externally available. This allows 
for normal or inverse output pulses. 


- 
A power supply that can be either 
voltage- or current-driven 
(Pins 1 and 
12). The internally-generated 
stabilized 
output voltage VZ is connected to Pin 2. 


- 
A special function is the so-called 
feed-forward 
at Pin 16. The amplitude of 
the sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional 
to the voltage on 
this pin: °- 1!V16. 


- 
Loop fault protection circuits assure that 
tho duty cycle is reduced to zero or a low 
value for open- or short-circuited 
feodback loops. 


Stabilized Power Supply 
(Pins 
1, 2, 12) 
The power supply of the NE5560 is of the 
well known series regulation type and 


provides a stabilized output voltage of 
typically 8.5V. 


This voltage Vz is also present at Pin 2 and 
can be used for precise setting of OMAX and to 
supply external circuitry. Its max. current 
capability is SmA. 


The circuit can be fed directly from a DC 
voltage source between 
10.5V and 18V or 


can be current-driven 
via a limiting resistor. In 


the latter case, internal pinch-off resistors will 
limit the maximum supply voltage: typical23V 
for 10mA and max. 30V for 30mA. 


The low supply voltage protection 
is active 


when V(1.12)is below 10.5V and inhibits the 
output pulse (no hysteresis). 


When the supply voltage surpasses the 
10.5V level, the IC starts delivering 
output 


pulses via the slow-start function. 


The current consumption 
at 12V is less than 


10mA, provided that no current is drawn from 
Vz and R(7.12);,,20kn. 


The Sawtooth Generator 
Figure 1 shows the principal circuitry of the 
oscillator. A resistor between Pin 7 and Pin 
12 (GND) determines 
the constant current 


that charges the timing capacitor C(8"2)' 


This causes a linear increasing 
voltage on 


Pin 8 until the upper level of 5.6V is reached. 
Comparator 
H sets the RS flip-flop and 01 


discharges 
C(8"2) down to 1.1V, where 


comparator 
L resets the flip-flop. During this 
flyback time, 02 inhibits the output. 


Synchronization 
at a frequency 
lower than 


the free-running 
frequency 
is accomplished 


via the TTL gate on Pin 9. By activating 
this 
gate (V9<2V), the setting of the sawtooth is 
prevented. This is indicated in Figure 2. 


Figure 3 shows a typical plot of the oscillator 
frequency against the timing capacitor. The 
frequency 
range of the NE5560 goes from 


<50Hz up to > 100kHz. 


Reference Voltage Source 
The internal reference voltage source is 
based on the bandgap voltage of silicon. 
Good design practice assures a temperature 
dependency 
typically ±1OOppml"C. The 


reference voltage is connected to the positive 
input of the error amplifier and has a typical 
value of 3. 72V. 


Error Amplifier Compensation 
For closed-loop 
gains less than 40dB, it is 


necessary to add a simple compensation 
capacitor as shown in Figures 3 and 4. 


Figure 3. Error Amplifier Compensation 
Open-Loop 
Gain 
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9.", 
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Error Amplifier with loop-Fault 
Protection Circuits 
This operational 
amplifier is of a generally 
used concept and has an open-loop gain of 
typically 60dS. As can be seen In Figure 4, 
the inverting input is connected to Pin 3 for a 
feedback information 
proportional 
to VQ. 


The output goes to the PWM circuit, but is 
also connected to Pin 4, so that the required 
gain can be set with Rs and R(3.4).This is 
indicated in Figure 4, showing the relative 
change of the feedback voltage as a function 
of the duty cycle. Additionally, 
Pin 4 can be 
used for phase shift networks that improve 
the loop stability. 


When the SMPS feedback loop is interrupted, 
the error amplifier would settle in the middle 
of its active region because of the feedback 
via R(3.4)'This would result in a large duty 
cycle. A current source on Pin 3 prevents this 
by pushing the input voltage high via the 
voltage drop over R(3-4)'As a result, the duty 
cycle will become zero, provided that 
R(3-4»100k. When the feedback loop is 
short-circuited, 
the duty cycle would jump to 
the adjusted maximum duty cycle. Therefore, 
an additional comparator 
is active for 
feedback voltages at Pin 3 below O.6V. Now 
an internal resistor of typically 1k is shunted 
to the impedance on the 5MAX 
setting Pin 6. 
Depending on this impedance, 5 will be 
reduced to a value 50. This will be discussed 
further. 
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Figure 
6. Transfer 
Curve 
of Pulse-Width 
Modulator 


Duty Cycle vs Input Voltage 
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The Pulse-Width Modulator 
The function of the PWM circuit is to translate 
a feedback voltage into a periodical pulse of 
which the duty cycle depends on that 
feedback voltage. As can be seen in Figure 
5, the PWM circuit in the NE5560 is a 
long-tailed pair in which the sawtooth on Pin 
8 is compared with the LOWEST voltage on 
either Pin 4 (error amplifier), 
Pin 5, or Pin 6 


(OMAX and slow-start). 
The transfer graph is 
given in Figure 6. The output of the PWM 
causes the resetting of the output bistable. 


Limitation of the Maximum 
Duty Cycle 
With Pins 5 and 6 not connected and with a 
rather low feedback voltage on Pin 3, the 
NE5560 will deliver output pulses with a duty 
cycle of ~ 95%. In many SMPS applications, 
however, this high 0 will cause problems. 
Especially in forward converters, 
where the 
transformer 
will saturate when 0 exceeds 


50%, a limitation of the maximum duty cycle 
is a must. 


A DC voltage applied to Pin 6 (PWM input) 
will set OMAX at a value in accordance with 
Figure 6. For low tolerances 
of OMAX, this 


voltage on Pin 6 should be set with a resistor 
divider from Vz (Pin 2). The upper and lower 
sawtooth levels are also set by means of an 
internal resistor divider from Vz, so forming a 
bridge configuration 
with the 0MAX setting is 


low because tolerances in Vz are 
compensated 
and the sawtooth levels are 
determined 
by internal resistor matching 
rather than by absolute resistor tolerance. 
Figure 7 can be used for determining 
the tap 
on the bleeder for a certain 
OMAX setting. 


As already mentioned, 
Figure 8 gives a 
graphical representation 
of this. The value 00 


is limited to the lower and the higher side; 


• It must be large enough to ensure that at 


maximum load and minimum input voltage 
the reSUlting feedback voltage on Pin 3 
exceeds 0.6V. 


• It must be small enough to limit the amount 


of energy in the SMPS when a loop fault 
occurs. In practice, a value of 10-15% will 
be a good compromise. 


Extra PWM Input (Pin 5) 
The PWM has an additional inverting input: 
Pin 5. It allows for attacking the duty cycle via 
the PWM circuit, independently 
from the 


feedback and the OMAX information. This is 
necessary when the SMPS must have a real 
constant-current 
behavior, possibly with a 


fold-back characteristic. 
However, the 


realization of this feature must be done with 
additional external components. 
When not 
used, Pin 5 should be tied to Pin 6. 
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Dynamic Current Limit and 
Current Protection (Pin 11) 
In many applications, 
it is not necessary to 
have a real constant-current 
output of the 
SMPS. 


Protection of the power transistor will be the 
prime goal. This can be realized with the 
NE5560 in an economical way. A resistor (or 
a current transformer) 
in the emitter of the 
power transistor gives a replica of the 
collector current. This signal must be 
connected to Pin 11. As can be seen in 
Figure 9, this input has two comparators 
with 
different reference levels. The output of the 
comparator 
with the lower O.48V reference is 
connected to the same gate as the output of 
thePWM. 


When activated, 
it will immediately 
reset the 
output flip-flop, so reducing the duty cycle. 
The effectiveness 
of this cycle-by-cycle 
current limit diminishes 
at low duty cycle 
values. When li becomes very small, the 
storage time of the power transistor becomes 
dominant. The current will now increase 
again, until it surpasses 
the reference of the 
second comparator. 
The output of this 
comparator 
activates the start-stop circuit and 
causes an immediate 
inhibit of the output 
pulses. After a certain deadtime, the circuit 
starts again with very narrow output pulses. 
The effect of this two-level current protection 
circuit is visualized 
in Figure 10. 


The Start· Stop Circuit 
The function of this protection circuit is to 
stop the output pulses as soon as a fault 
occurs and to keep the output stopped for 
several periods. After this dead-time, the 
output starts with a very small, gradually 
increasing duty cycle. When the fault is 
persistent, this will cause a cyclic 
switch-off/switch-on 
condition. This "hiccup· 
mode effectively limits the energy during fault 
conditions. 
The realization and the working of 
the circuit are indicated in Figures 12 and 13. 
The dead time and the soft-start are 
determined 
by an external capacitor that is 
connected to Pin 6 (liMAXselling). 


An RS flip-flop can be set by three different 
functions: 
1. Remote on/off on Pin 10. 
2. Overcurrent 
protection on Pin 11. 
3. Low supply voltage protection (internal). 


As soon as one of these functions cause a 
setting of the flip-flop, the output pulses are 
blocked via the output gate. In the same time 
transistor 01 is forward-biased, 
resulting in a 
discharge of the capacitor on Pin 6. 


The discharging 
current is limited by an 
internal 150il resistor in the emitter of 01. 
The voltage at Pin 6 decreases 
to below the 
lower level of the sawtooth. When V6 has 
dropped to 0.6V, this will activate a 
comparator 
and the flip-flop is reset. The 
output stage is no longer blocked and 01 is 
cut off. Now Vz will charge the capacitor via 
R 1 to the normalliMAx 
voltage. The output 
starts delivering very narrow pulses as soon 
as V6 exceeds the lower sawtooth level. The 
duty cycle of the output pulse now gradually 
increases to a value determined 
by the 
feedback on Pin 3, or by the static ~AX 
setting on Pin 6. 
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Remote OnlOff CIrcuit (PIn 10) 
In systems where two or more power 
supplies are used, it is often necessary to 
switch these supplies on and off in a 
sequential way. Furthermore, 
there are many 
applications 
in which a supply must be 
switched by a logical signal. This can be 
done via the TTL-compatible 
remote on/off 


input on Pin 10. The output pulse is inhibited 
for levels below O.8V. The output of the Ie is 
no longer blocked when the remote on/off 
input is left floating or when a voltage >2V is 
applied. Start-up occurs via the slow-start 
circuit. 


The Output Stage 
The output stage of the NE5560 contains a 
flip-flop, a push-pull driven output transistor, 
and a gate, as indicated in Figure 13. The 
flip-flop is set by the flyback of the sawtooth. 
Resetting occurs by a signal either from the 
PWM or the current limit circuit. With this 
configuration, 
it is assured that the output is 
switched only once per period, thus 
prohibiting double pulsing. The collector and 
emitter of the output transistor are connected 
to respectively 
Pin 15 and Pin 14, allowing for 
normal or inverted output pulses. An 
internally-grounded 
emitter would cause 
untolerable voltage spikes over the bonding 
wire, especially at high output currents. 


This current capability of the output transistor 
is 40mA peak for VCE"O.4V. 
An internal 


clamping diode to the supply voltage protects 
the collector against overvoltages. 
The max. 
voltage at the emitter (Pin 14) must not 
exceed +5V. A gate, activated by one of the 
set or reset pulses, or by a command from 
the start-stop circuit will immediately 
switch-off the output transistor by 
short-circuiting 
its base. The external inhibitor 


(Pin 13) operates also via this base. 


Demagnetization 
Sense 
As indicated in Figure 13, the output of this 
NPN comparator 
will block the output pulse, 


when a voltage above O.6V is applied to Pin 
13. A specific application 
for this function is to 


prevent saturation of forward-converter 
transformers. 
This is indicated in Figure 14. 


Feed-Forward 
(Pin 16) 
The basic formula for a forward converter is 


Vour ; dV/N (n ; transformer ralio) 


n 


This means that in order to keep VOUT at a 
constant value, the duty cycle 0 must be 
made inversely proportional 
to the input 
voltage. A preregulation 
(feed-forward) 
with 
the function o-1N1N 
can ease the 
feedback-loop 
design. 
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This loop now only has to regulate for laod 
variations which require only a low feedback 
gain in the normal operation area. The 
transformer 
of a forward converter must be 
designed in such a way that it does not 
saturate, even under transient conditions, 
where the max. inductance 
is determined 
by 
0MAXXVINmax. A regulation of OMAX-1NIN will 
allow for a considerable 
reduction or 
simplification 
of the transformer. The function 


of o-1N1N can be realized by using Pin 16 of 
the NE5560. 


Figure 15 shows the electrical realization. 
When the voltage at Pin 16 exceeds the 
stabilized voltage Vz (Pin 2), it will increase 
the charging current for the timing capacitor 
on Pin 8. 


The operating frequency 
is not affected, 


because the upper trip level for sawtooth 
increases also. Note that the OMAXvoltage on 
Pin 6 remains constant because it is set via 
Vz. Figure 16 visualizes the effect on OMAX 
and the normal operating duty cycle o. For 


V 16=2xVZ, 
these duty cycles have halved. 
The graph for O=f(V,6) 
is given in Figure 17. 


APPLICATIONS 


NE/SE5560 
Push-Pull 
Regulator 
This application describes 
the use of the 
Signetics NE/SE5560 
adapted to function as 
a push-pull switched mode regulator, as 
shown in Figures 18 and 19. 


Input voltage range is +12V to + 18V for a 
nominal output of +30V 
and -30V 
at a 
maximum load current of 1A with an average 
efficiency of 81%. 


Features include feed-forward 
input 
compensation, 
cycle-to-cycle 
drive current 
protection and other voltage sensing, line (to 
positive output) regulation <1% for an input 
range of + 13V to + 18V and load regulation to 
positive output of <3% for I\.IL(+) of 0.1 to 1A. 


The main pulse-width 
modulator operates to 


48kHz with power switching at 24kHz. 
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Figure 17. Feed-Forward Regulation 
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DESCRIPTION 
The NE5561/SE5561 
is a control circuit for 
use in switched-mode 
power supplies. It 
contains an internal temperature- 
compensated 
supply, PWM, sawtooth 
oscillator, overcurrent 
sense latch, and output 
stage. The device is intended for low cost 
SMPS applications 
where extensive 
housekeeping 
functions are not required. 


FEATURES 


• Micro-miniature 
(D) package 


• Pulse-width modulator 


• Current limiting (cycle-by-cycle) 


• Sawtooth generator 


• Stabilized power supply 


• Double pulse protection 


• Internaltemperature-compensated 
reference 


OUTPUT 


CURRENT 
SENSE 


RT. 
CT 


APPLICATIONS 


• Switched-mode 
power supplies 


• DC motor controller inverter 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
NE5561N 


8-Pin Plastic DIP 
-55 to +125°C 
SE5561 N 


8-Pin Cerdip 
-55 to +125°C 
SE5561FE 


8-PinSO 
o to +70°C 
NE5561D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply' 


Voltage-forced 
mode 
+18 
V 


Current-fed 
mode 
30 
mA 


Output transistor (at 20-30V max) 


lOUT 
Output current 
40 
mA 


VOUT 
Output voltage 
Vcc+1.4V 
V 


Output duty cycle 
98 
% 


Po 
Maximum total power dissipation 
0.75 
W 


TA 
Operating temperature 
range 


SE5561 
-55 to +125 
°C 


NE5561 
o to 70 
°C 


NOTES: 
1. See VOltage-Current-fed 
supply characteristic 
curve. 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=12V, TA=25°C, 
unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5561 
NE5561 
I 
UNIT 


Min 
Typ 
I Max 
Min 
Typ 
Max I 


Reference 
section 


VREF 
Internal ref voltage 
TA=25°C 
3.69 
3.75 
3.84 
3.57 
3.75 
3.96 
V 


Over temperature 
3.65 
3.88 
3.55 
3.98 
V 


Vz 
Internal zener ref 
·IL=7mA 
7.8 
8.2 
8.8 
78 
8.2 
8.8 
V 


Temp. coefficient of VREF 
±100 
+100 
ppm/oC 


Temp. coefficient of Vz 
+200 
+200 
ppm/oC 


Oscillator 
section 


Frequency range 
Over temperature 
50 
100k 
50 
100k 
Hz 


Initial accuracy 
RT and CT constant 
5 
5 
% 


Duty cycle range 
fo=20kHz 
0 
98 
0 
98 
% 


Current 
limiting 


IIN 
Input current 
Pin 6=250mV 
TA=25°C 
-2 
-10 
-2 
-10 
llA 


Over temp. 
-20 
-20 
l!A 


Inhibit delay 
Single pulse inhibit delay 
time for 20% 
louT=20mA 
0.88 
1.10 
0.88 
1.10 
lls 


overdrive at 


louT=40mA 
0.7 
0.8 
0.7 
0.8 
lls 


Current limit trip level 
.400 
.500 
.600 
.400 
.500 
.600 
V 


Error 
amplifier 


Open-loop 
gain 
60 
60 
dB 


Feedback resistor 
10k 
10k 
Q 


BW 
Small-signal 
bandwidth 
3 
3 
MHz 


VOH 
Output voltage swing 
6.2 
6.2 
V 


VOL 
Output voltage swing 
0.7 
0.7 
V 


Output 
stage 


lOUT 
Output current 
Over temperature 
20 
I 
20 
I 
mA 


VCE 
Sat 
Ic-20mA, 
Over temp. 
0.4 
I 
0.4 
V 


DC ELECTRICAL 
CHARACTERISTICS 


Vcc=12V, TA=25°C, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
SE5561 
T 
NE5561 
UNIT 


Mln 
Typ 
Max I Mln 
Typ 
Max 


Supply voltage/current 


Icc 
Supply current 
Iz=O,volt- 
TA=25°C 
10.0 
10.0 
mA 
age-forced 


Over temp. 
13.0 
13.0 
mA 


Vcc 
Supply voltage 
Icc=10mA, current-fed 
20.0 
21.0 
22.0 
19.0 
21.0 
24.0 
V 


Icc=30mA current 
20.0 
30.0 
20.0 
30.0 
V 


Low supply protection 


Pin 1 threshold 
8 
9 
T10.5 
T 
8 
9 
10.5 I 
V 


Error 
Amplifier 
Error 
Amplifier 
Transfer 
Curve 
of 
Pulse-Width 
Open-Loop 
Gain 
Open-Loop 
Phase 
Modulator 
Duty 
Cycle 
vs 
Input 
Voltage 
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NE5561 
START-UP 


The start-up, or initial turn-on, of this device 
requires some degree of external protective 
duty cycle limiting to prevent the duty cycle 
from initially going to the extreme maximum 
(13)90%). Either overcurrent 
limit or slow-start 


circuitry must be employed to limit duty cycle 
to a safe value during start-up. Both may be 
used, if desired. 


To implement 
slow-start, the start-up circuit 


can be used. The divider R1 and R2 sets a 
voltage, buffered by 01, such that the output 
of the error amplifier is clamped to a 
maximum output voltage, thereby limiting the 
maximum duty cycle. The addition of 
capacitor C will cause this voltage to ramp-up 
slowly when power is applied, causing the 
duty cycle to ramp-up simultaneously. 


Vs - vcc 
RVCC'--- 


('020mA) 


Overcurrent 
limit may be used also. To limit 
duty cycle in this mode, the switch current is 
monitored at Pin 6 and the output of the 5561 
is disabled on a cycle-by-cycle 
basis when 
current reaches the programmed 
limit. With 
current limit control of slow-start, the duty 
cycle is limited to that value, just allowing 
maximum switch current to flow. 
(Approximately 
0.50V measured at Pin 6.) 


APPLICATIONS 


5V, a.5A 
Buck Regulator 
Operates 
from 15V 
The converter design shows how simple it is 
to derive a TIL 
supply from a system supply 
of 15V (see Figure 1). The NE5561 drives a 


2N4920 PNP transistor directly to provide 
switching current to the inductor. 


Overall line regulation is excellent and covers 
a range of 12V to 18V with minimal change 
«10mV) 
in the output operating at full load. 


As with all NE5561 circuits, the auxiliary slow 
start and 0MAX circuit is required, as 
evidenced 
by 01. The OM AX limit may be 


calculated by using the relationship: 


~(8.2V) 
= 
V<lMAX 


Rl 
+ R2 


The maximum duty cycle is then determined 
from the pulse-width 
modulator transfer 


graph, with R1 and R2 being defined from the 
desired conditions. 


DESCRIPTION 
The NElSE5562 
is a single-output 
control 
circuit for switched-mode 
power supplies. 


This single monolithic 
IC contains all control 
and protection features needed for 
full-featured 
switched-mode 
power supplies. 


The 100mA source/sink 
output is designed to 


drive power FETs directly. The associated 
output logic is designed to prevent double 
pulsing or cross-conduction 
current spiking 
on the output. 


All of the control and protect features work 
cycle-by-cycle 
up to the maximum operating 


frequency of 600kHz. 


For ease of interface, all digital inputs are 
TIL 
or CMOS compatible. 


The NE5562 is supplied in 2Q-pin 
glass/ceramic 
(Cerdip), plastic DIP, and 


plastic SO packages. 
The NE grade part is 
characterized 
and guaranteed 
over the 
commercial 
ambient temperature 
range of 
O°C to +70°C and junction temperature 
range 
of O°C to +85°C. The SE5562 is supplied in 
the glass/ceramic 
(Cerdip) package. The SE 


grade part is characterized 
and guaranteed 


over the ambient temperature 
range of -55 to 


+125°C and junction temperature 
range of 
-55 to +135°C. 


FEATURES 


• Stabilized power supply 


• Temperature-compensated 
reference 
source 


• Sawtooth generator 


• Pulse width modulator 


• Remote on/off switching 


• Current limiting (2 levels) 


• Auxiliary comparator, with adjustable 
hysteresis 


• Loop fault protection 


• Demagnetization/overvoltage 
protection 


• Duty cycle adjust and clamp 


• Feed-forward 
control 


• External synchronization 


• Total shutdown after adjustable number of 
overcurrent faults 


• Soft-start 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


20-Pin Plastic SO 
o to +70°C 
NE5562D 


20-Pin Ceramic DIP 
o to +70°C 
NE5562F 


20-Pin Plastic DIP 
o to +70°C 
NE5562N 


20-Pin Ceramic DIP 
-55°C to +125°C 
SE5562F 


FEED 1 


FORWARD 


CT 
2 


RT 
3 


EXTERNAL 
4 


MOD IN 
DUTY CYCLE S 


CONTROL 
REMOTE 6 
ON/OFF 
VI 7 


FEEDBACK 
8 


VOLTAGE 
Vz 
8 


ERROR 1 
AMP OUT 


OUTPUT 


DEMAG 
OVERVOLTIN 
Vs 


C DELAY 


OUT INVERT 
CONTROL 
CURRENT 
SENSE 
AUXCOMP 
HYSTERESIS 
AUXCOMP 
INPUT 
1 EXTERNAL 
SYNC IN 


ERROR 
AMP 
OUT 
10 


DELAYED 
I CLOCK 


OVJ 
NORM 


18 


3.80V 


DEMAGiOV 
COMP 


S 


OUTPU a 
LATCH 


R 


CURRENT 
SENSE 
14 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Supply 


Vs 
voltage-fed 
mode (Pin 17) 
16 
V 


Icc 
current-fed 
mode (Pin 7) 
30 
mA 


Output transistor 
100 
mA 


output current 


Sync (Pin 11) 
Vs 
V 


Duty cycle control (Pin 5) 
Vz 
V 


Remote on/off (Pin 6) 
Vs 
V 


Output invert control (Pin 15) 
Vs 
V 


Feedback pin (Pin 8) 
Vz 
V 


CDELAY(Pin 16) 
Vz 
V 


External mod in (Pin 4) 
Vs 
V 


FF 
Feed-forward 
(Pin 1) 
Vs 
V 


Demag/overvoltage 
in (Pin 18) 
Vz 
V 


Current sense (Pin 14) 
Vs 
V 


80Low supply sense and hysteresis 
Vs 
V 
(Pins 12, 13) 


TJ 
Operating junction temperature 
135 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec) 
300 
°C 
NOTES: 
1. 
Ground Pin 20 must always be the most negative pin. 
2. 
For power dissipation, 
see the application 
section which follows. 


SYMBOL 
PARAMETER 
RATING 
UNIT 
Supply 


voltage-fed 
10to 
16 
V 
current-fed 
15 
mA 


TA 
Ambient temperature 
range 


NE grade 
o to +70 
°C 
SE grade 
-55 to +125 
°C 
TJ 
Junction temperature 
range 


NE grade 
o to +85 
°C 
SE grade 
-55 to +135 
°C 


DC AND AC ELECTRICAL CHARACTERISTICS 
Vcc = 12V, specifications 
apply over temperature, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST 
TEST CONDITIONS 
SE5562 
NE5562 
UNIT 


PINS 
Min 
Typ 
Max 
I 
Min 
I 
Typ 
I 
Max 


Internal reference 


VREF 
Reference voltage 
Internal 
TA=25°C 
3.76 
3.80 
3.84 
3.76 
3.80 
3.84 
V 
VREF 
Reference voltage 
Internal 
Over temp. 
3.72 
3.8 
3.90 
3.725 
3.8 
3.870 
V 
Temperature stability 
Internal 
30 
30 
ppmfOC 


Long-term stability 
Internal 
0.5 
0.5 
flV/1000 
hrs 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) 
Vcc = 12V, specifications 
apply over temperature, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST 
TEST CONDITIONS 
SE5562 
NE5562 
UNIT 


PINS 
Min 
Typ 
I Max 
Min 
Typ 
Max 


Reference 


Vz 
Zener voltage 
9 
IL=7mA, 
7.35 
7.60 
7.75 
7.35 
7.6 
7.75 
V 
TA=25°C 


Vz 
Zener voltage 
9 
IL=7mA, 
7.25 
7.80 
7.20 
7.78 
V 
Over temp. 


/'Nz/!'>T 
Temperature stability 
9 
IL<1mA 
50 
50 
ppm/oC 


Low supply shutdown 


80Comparator 
threshold 
Internal 
TA=25°C 
8.30 
8.45 
8.75 
8.30 
8.45 
8.75 
V 
voltage 


80Comparator 
threshold 
Internal 
Over temp. 
8.00 
8.45 
8.90 
8.00 
8.45 
8.90 
V 
voltage 


Hysteresis 
Internal 
25 
50 
8.00 
25 
50 
800 
mV 


Oscillator 


fMIN 


Frequency range, 
1,2, 
RT=42.7k.Q, 
60 
80 
60 
80 
Hz 
minimum 
3,11 
CFO.47f'F 


fMAX 


Frequency range, 
1,2, 
RT=2.87k.Q, 
600 
600 
kHz 
maximum 
3,11 
CT=380pF 


fo=52kHz, 


Initial accuracy 
1,2, 
RF16k.Q 
48.6 
54 
59.4 
48.6 
54 
59.4 
kHz 
3,11 
and CT=0.0015f'F, 
TA=25°C 


Voltage stability 
1,2,3, 
10V<Vs<18V 
-215 
-215 
ppmN 
11,17 


Temperature stability 
1,2, 
300 
500 
300 
500 
ppm/oC 
3,11 


Sawtooth peak voltage 
2,3 
TA=25°C' 
5.00 
5.25 
5.40 
5.00 
5.25 
5.40 
V 


2,3 
Over temp. 
4.80 
5.25 
5.60 
4.80 
5.25 
5.60 
V 


Sawtooth valley voltage 
2,3 
TA=25°C 
1.25 
1.70 
2.00 
1.25 
1.70 
2.00 
V 


2,3 
Over temp. 
1.0 
1.7 
2.1 
1.25 
1.7 
2.0 
V 


Sync. in high level 
11 
2.0 
Vz 
2.0 
Vz 
V 


Sync. in low level 
11 
0.0 
0.8 
0.0 
0.8 
V 


Sync. in bias current 
11 
(Sourced), 
0.50 
10.0 
0.50 
10.0 
f'A 
Vl1<0.8V 


Feed-forward 
ratio, 


1 
2 
maximum 
2 


Feed-forward 
duty cycle re- 


1 
VFF=2Vz, 
11 
13.5 
19 
11 
13.5 
19 
% 
duction 
TA=25°C 


1 
Over temp. 
6 
13.5 
22 
8 
22 
% 


Feed-forward 
reference volt- 
9 
age 
Vz 
Vs 
Vz 
Vs 
V 


Feed-forward 
bias current 
1 
2.5 
50.0 
2.5 
50.0 
f'A 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) 
Vcc = 12V, specifications 
apply over temperature, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST 
TEST CONDITIONS 
SE5562 
I 
NE5562 
UNIT 


PINS 
Min 
Typ 
I 
Max 
I 
Min 
I 
Typ 
Max 


Error amp 


ISlAS 
Input bias current 
8 
1.0 
5.0 
1.0 
5.0 
!JA 


AVOL 
DC open-loop gain 
8,10 
RL>100kn 
60 
86 
60 
86 
dB 


VOH 
High output voltage 
10 
ISOURCE=1mA 
5 
5 
V 


VOL 
Low output voltage 
10 
ISINK=1mA 
2.0 
2.0 
V 


PSRR from Vz and Vs 
Internal 
fo<300kHz 
-40 
-40 
dB 


BW 
Small-signal 
gain bandwidth 
8 
8 
MHz 
product 


Feedback resistor range 
1 
240 
1 
240 
kQ 


ISINK 
Output sink current 
V8=V10=5V 
10 
10 
mA 


ISOURCE 
Output source current 
V8=3V, 
5 
5 
mA 
V10=1V 


Sawtooth feedthrough 
Av=100, 
200 
200 
mV 
0% duty cycle 


PWM comparator and modulator 


Minimum duty cycle 
19 
@VCOMP<, 
0 
0 
% 
f=300kHz 


@VCOMP>, 
Maximum duty cycle 
19 
f=300kHz, 
95 
98 
95 
98 
% 


V15=OV 


f=15kHz to 
Acc 
Duty cycle 
10,19 
200kHz, 
41 
49 
55 
41 
49 
55 
% 


VIN=0.472 Vz 


tpo 
Propagation 
delay to 
2,19 
V1S=0 
400 
400 
output 
ns 


ISlAS 


Bias current, external modu- 
4 
(Sourced) 
0.20 
20 
0.20 
lator input 
20 
!JA 


ISlAs 


Bias current, duty cycle con- 
5 
(Sourced) 
0.20 
20 
0.20 
20 
!JA 
trol 


Soft-start trip voltage 
5 
.910 
0.955 
0.990 
0.922 
0.955 
0.988 
V 


Remote on/off (shutdown) 


Output enabled 
6 
0 
0.60 
0 
0.60 
V 


Output disabled 
6 
2 
Vz 
2 
Vz 
V 


ISlAS 
Bias current 
6 
1 
10 
1 
10 
!JA 


VIN 
Maximum input voltage 
6 
Vz 
Vz 
V 


Delay to output(s) 
6,19 
400 
400 
ns 


Current limit comparator(s) 


Shutdown, 
OC2 
14 
.593 
0.645 
.697 
0.593 
0.645 
0.697 
V 


Minimum duty cycle, OC1 
14 
.466 
0.526 
.570 
0.466 
0.528 
0.570 
V 


ISlAS 
Bias current 
14 
(Sourced) 
0.5 
50 
0.5 
50 
!JA 


OC1 
COELAYcharge current 
16 
-16.2 
-13 
-6.5 
-16.2 
-13 
-7.8 
!JA 


OC2 
COELAYcharge current 
16 
-770 
-550 
-250 
-770 
-550 
-330 
~ 


COELAY 
Discharge current 
16 
V12=Vz 
0.4 
1.4 
4.0 
0.6 
1.4 
2.0 
!JA 


COELAY 
Shut off trip level 
16 
TA=25°C 
3.75 
3.66 
3.97 
3.75 
3.86 
3.97 
V 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) 
Vcc = 12V, specifications 
apply over temperature, 
unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST 
TEST CONDIT10NS 
SE5562 
NE5562 
UNIT 


PINS 
Mln 
Typ 
I 
Max 
I 
Mln 
I 
Typ 
Max 


Auxiliary comparator with shutdown 


IBIAS 
Bias current 
12 
(Sourced) 
1 
10 
1 
10 
.,A 


Threshold voltage 
12 
3.69 
3.80 
3.91 
3.69 
3.80 
3.91 
V 


CDELAY 
Discharge current 
12 
VIN=3V 
5 
10 
5 
10 
mA 


Hysteresis 
12,13 
10 
10 
mV 


Demagnetization overvoltage comparator 


IBIAS 
Bias current 
18 
2 
10 
2 
10 
.,A 


Threshold voltage 
18 
3.62 
3.80 
3.91 
3.69 
3.80 
3.91 
V 


Hysteresis 
18 
10 
10 
mV 


Output stage 


VOH 
High output voltage 
19 
ISOURCE=1OOmA 
Vs-2.5 
Vs-1.9 
Vs-2.5 
Vs-1.9 
V 


VOL 
Low output voltage 
19 
ISINK=2mA 
0.16 
0.4 
0.16 
0.4 
V 


VOL 
19 
ISINK=1OOmA, 
1.4 
2.0 
1.4 
2.0 
V 
TA=25 
QC 


19 
ISINK=100mA, 
2.25 
2.25 
V 
over temp. 


ISINKmax 
19 
100 
100 
mA 


'SOURCEmax 
19 
100 
100 
mA 


tR 
Rise time 
19 
CL=2000pF 
160 
160 
ns 


IF 
Fall time 
19 
CL=2000pF 
80 
80 
ns 


Supply current/voltage 


10V<Vs<16V 


Icc 
Supply current 
17 
(Voltage-fed mode), 
9 
15 
9 
15 
mA 
Vr<Vs 


11=15mA, 
Vs 
Input voltage 
7,17 
(Current-fed mode) 
14.2 
15.3 
16.7 
14.2 
15.3 
16.7 
V 
Vs=meter 


Operating frequency range for all functions but feed-forward working cycle-by-cycle 


fM1N 
Minimum frequency 
All 
Rr=42.7kQ, 


60 
80 
60 
80 
Hz 
Cr=0.47J.LF 


fMAX 
Maximum frequency 
All 
Rr=2.87kQ, 
600 
1000 
600 
1000 
kHz 
Cr=380pF 
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Figure 1. Frequency 
vs RT.CT NElSE5562 
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Figure 2. Error Amplifier 
Closed-Loop 
Response 
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Figure 3. Duty Cycle vs PWM Input Voltage 
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Figure 4. Duty Cycle vs Feed-forward 
Voltage 
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Figure 5. Current-Feed 
Characteristics 
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Figure 6. Voltage-Feed Characteristics 


THE NE/SE5562 THEORY OF 
OPERATION 


INTRODUCTION 
Switched-mode 
power conversion 
relies on 
the principle of pulsed energy storage in an 
inductive or capacitive element. Capacitive 
switched converters 
are typically used with 
low power systems for which only tens of 
milliamperes 
are required. Medium and high 
power converters 
tend to use inductive 
storage elements as shown in Figures 7-9 
with which a single switch may be moved 
around to create step-up (flyback) positive or 
negative polarity and step-down (forward or 
buck) conversion 
from a fixed-voltage 
source. 


The relationship 
between input and output 
voltage in each case is controlled 
by the 
switching on-to-off ratios, which is termed 
duty cycle. Duty cycle modulation 
is the 
common factor in this basic type of power 
control mechanism. 
By adding a high-gain 
operational amplifier, having one input tied to 
a stable DC reference voltage, configured 
in 
a negative feedback loop to maintain a 
constant output voltage as shown in Figure 
10, the switched-mode 
controller becomes a 
dynamic voltage regulator. It is this 
single-switch 
topology that is most readily 
adapted to the NElSE5562 
SMPS ControllC. 


The ability to switch inductor currents at rates 
up to 600kHz with state-of-the-art 
power 
FETs makes the design of small, efficient 
switching power converters 
an attainable 
reality. Protective features such as 
programmable 
slow-start and cycle-by-cycle 
current limiting allow safe, maintenance-free 
power supplies to be mass-produced 
at 


reduced cost to the manufacturer. 
Integrated 


technology 
makes long-term reliability a 
predictably achievable 
goal. 
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Figure 9. Forward Converter (Single Inductor) Step Down 
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THE NE/SE5562 
THEORY 
OPERATION 


The Sawtooth Oscillator 
The sawtooth oscillator consists of a gated 
charge-discharge 
capacitor circuit with 
threshold comparators 
setting the peak and 
valley voltages of the ramp. The resistor 
divider Rl-3 
is supplied with a source voltage 
derived from either Vz (l.50V) 
minus two 
diode drops, or, when feed-forward 
is in 
control, a voltage greater than Vz and 
proportional 
to the main supply voltage. The 
nominal upper threshold voltage is 5.25V and 
the lower threshold 
1.lOV. These then 


determine the sawtooth peak and valley 
voltages, respectively. 


Operation 
Beginning with the charge cycle, ramp 
voltage builds up on the timing capacitor due 
to a constant current supplied to the node at 
Pin 2. When capacitor voltage reaches the 
upper threshold, 
comparator 
A switches, 
setting the latching flip-flop. The output of the 
latch goes high, generating 
a clock pulse. 
The discharge transistor is simultaneously 
turned on, reducing charge on the timing 
capacitor to the point at which the lower 
threshold voltage, 1.lOV, is reached. The 
lower comparator 
is then activated, 
resetting 


M 


the latch and terminating the clock pulse. 
Note that the discharge transistor is 
referenced to the same return diodes as the 
threshold resistor divider and the discharge 
current is made to track with the charge 
current. This charge and discharge tracking 
results in a true sawtooth waveform even at 
extended frequencies. 
Figure 15 shows a 


family of curves which explains the 
relationship 
between 
RT, CT, and the 


frequency of the sawtooth generator. The 
data sheet shows the initial accuracy of the 
oscillator at 60Hz and 600kHz. 


THE PULSE 
WIDTH 
MODULATOR 
AND ERROR 
AMPLIFIER 
The PWM consists of a multi-input voltage 
comparator 
(Figure 13) having its positive 
input tied to the sawtooth ramp voltage and 
the various negative inputs referenced to 
ORed control signal nodes. The primary 
control signal is the error amplifier output 
voltage node which sets the active duty cycle 
termination 
point of the PWM output 


waveform. As the error amplifier input signal 
derived from the power supply load voltage 
varies, for instance in a negative direction, 
the amplifier output moves upward, raising 
the PWM comparator 
toward longer duty 
cycles at the output on Pin 19. The start-up 


sequence begins with zero voltage at the 
input to the error amplifier. Since this could 
signal an open feedback loop, the loop fault 
comparator 
on Pin 8 clamps the PWM duty 
cycle until the feedback voltage exceeds 
O.955V. A second comparator 
monitors the 


duty cycle control, Pin 5, with the same 
threshold level, inhibiting the output via the 
start-stop latch (Figure 14). 


The charging of the slow-start capacitor 
provides a controlled ramp-up of the output 
duty cycle and a resultant gradual increase in 
energy fed to the output magnetics. 


The dynamic response of the PWM 
comparator 
is shown in the simulated 


waveform drawing of Figure 15. The error 
amplifier output voltage is depicted as sloping 
positive (increasing) 
with time as referenced 
to the sawtooth waveform. 
This causes the 


duty cycle to increase with time. This is an 
indication of an increasing load on the power 
supply as output voltage is decreasing. 
The 


Pin 5 (Ot.IAX) control voltage is also 
superimposed 
midway on the sawtooth, 
indicating the limits of duty cycle increase as 
the output waveform 
no longer increases in 
duty cycle after the IiMAX threshold is crossed. 
A hypothetical 
overcurrent 
pulse (Pin 14) is 
shown to illustrate cycle termination 
immediately 
at the output (Pin 19). 
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The error amplifier's 
non-inverting 
input is 
tied to a bandgap reference of 3.80V, 
accurate to ±2"10at 25°C. The temperature 
stability of the voltage reference is 30ppml"C. 


The error amplifier is designed for an 
open-loop gain of 86dB having a small-signal 
unity gain bandwidth 
of 3MHz 
Closed-loop 


gain is stable to 10dB, as shown in Figure 17. 
The DC output excursion of the amplifier is 
capable of controlling 
the full PWM range of 0 


to 95%. The amplifier can sink 10mA and 
source 5mA. The nominal DC output for 50% 
duty cycle is 3.55V. Feedback control resistor 
value may range from 1k.Q to 240kQ without 
overload or instability. However, low 
closed-loop 
gains must be compensated 
by 
lag lead network techniques 
for optimum 


stability. Loop compensation 
networks may 
intersect the open-loop gain curve with a 
slope 2 closure and must then be 
compensated 
to maintain overall phase and 
gain margin (Figure 16). 
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Figure 17, Error Amp Response 


FEED-FORWARD 
COMPENSATION 
(PIN 1) 
To provide a means of automatically 
improving line-to-Ioad voltage regulation. a 
technique called feed-forward 
regulation is 
made a part of the NE/SE5562 active 
mechanism. 
Referring back to the diagram 


for the sawtooth oscillator. note that Pin 1 is 
capable of changing the internal supply 
voltage to the charging circuit for the timing 
capacitor. Ct. 
With a nominal duty cycle of 30%. for 
instance. increasing 
Pin 1 voltage by 1V from 


10.3 to 11.3 will reduce the output duty cycle 
by approximately 
5%. Thus. a primary has 
caused a decrease in volt-seconds 
(duty 


cycle X primary volts) of 5/30 or 16% (Figure 
4). The result is a small over-compensation 
in 


the output energy. but an overall safe margin 
in transformer 
flux. 


The mechanism which produces inverse duty 
cycle modulation 
is shown in Figure 18. 


Increasing Pin 1 voltage beyond the value of 
Vz (7.50V) increases the charge rate on CT. 
causing the duty cycle to be terminated 
earlier for each cycle that input voltage is 
increased. The threshold voltages at the 
sawtooth limit comparator 
reference inputs 
are changed with Pin 1 also in order to offset 
any change in oscillator frequency. 


The secondary benefit of using feed-forward 
is the attenuation 
of any low-frequency 
AC 
riding on the DC supply before it reaches the 
regulated output. 


Note that a start delay circuit is added to the 
Pin 1 divider in order to prevent internal race 
conditions during initial power-up. Once the 
turn-on transient has decayed. normal 
operation of the feed-forward 
circuit is 
assured. Figure 19 shows an RC delay 
placed in a base clamping circuit to provide 
reliable starting. 
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SYNCHRONIZATION 
The synchronization 
of the sawtooth oscillator 
to an external pulse of negative-going 
polarity 
is shown in Figure 20. When the sync input 
pulse crosses the 1.5V threshold, negative, 
the sawtooth oscillator is prevented from 
discharging 
the timing capacitor, causing the 
charge voltage on the capacitor to remain 
high (5.25V) until the sync pulse again goes 
above 1.5V, allowing reset. This action 
stretches the period of the oscillator and 
results in a lower frequency 
undersynchronization 
control than the 
free-running 
frequency. 


The following relationship 
holds- 


ffretrrun 
> 
'sync 


'sync = _1_ 
to+r 


A typical recommended 
starting point in 
calculating frequency for synchronous 
operation is to set the free-run frequency 
approximately 
10% higher than the sync 
frequency. Then set the pulse width, ~, to 
10% of 10, the free-run period, with the 
desired new frequency determined 
by the 
sum as above. 
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DUTY CYCLE 
LIMIT (PIN 5) 


The forward or buck converter, and even the 
flyback converters, 
may require an automatic 
duty cycle limit to prevent transformer 
saturation or unstable behavior. A special 
input provides access to the PWM 
comparator 
for this purpose. As discussed 


previously in regard to the error amplifier, 
increasing load demand may drive the 
system current beyond safe limits. A simple 
solution is the placement of a duty cycle limit 
within the system dynamic response before 
this can occur. Figure 13 shows the PWM 
comparator with its multiple input ports. All 
are inverting in polarity and provide a lowest 
priority level sensing circuit. The lowest level 
on Pin 4, 5, or 10 gains control of the duty 
cycle limit. During normal operation, the OMAX 
circuit sends a continuous 
threshold signal to 


the PWM comparator, 
setting a fixed limit on 


how much the error amplifier is allowed to 
increase the duty cycle in response to load 


demand. Figure 22 shows the circuit within 
the NE/SE5562 which actually controls duty 
cycle as listed below: 
1. 
Duty cycle ramp-up (slow-start) during 
power-up. Time constant controlled by 
external R, C ramp voltage at Pin 5. 


2. 
Slow-start if remote ON/OFF is actuated, 
if OC2 threshold trips, 
demagnetization/overvoltage 
is sensed, or 
low supply voltage to the internal regulator 
is sensed (VS58.45V). 


3. 
Note that Pin 8 is monitored by the loop 
fault comparator. When the regulated 
supply feedback drops below this 
threshold level (0.955V), the duty cycle is 
clamped by two diodes in series with a 
2kQ load across Pin 5 to ground. This 
implies a minimum duty cycle condition as 
long as the low output level remains. 


Referring to the graph in Figure 23, the 
designer may choose a divider ratio which, 


'A' 


FROM 
START/STOP 
LATCH 


when referenced to Vz, 7.5V, provides an 
easy duty cycle limit control. For example, a 
50% limit results in a ratio of 0.48. Setting R2 
at a nominal value between 10 and 20kQ and 
solving for R" the proper limit is obtained. 


Example: 
A duty cycle limit of 50% is required for a 
forward converter. 


R2 = 10kQ, find R, 


~ 
=0.48 
R, 
+ R2 


:. R2 = 0.48 (R, + R2) 


0.48R, 
= R2 - 0.48R2 


R2(1 
- 
0.48) 


0.48 


101<0 (0.52) 


0.48 


= 10.8kQ 
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THE START-STOP 
CONTROL 


SEQUENCE 
The start-up circuit involves a sequential 
set 
of conditions which progresses 
as follows: 
power-up after OFF condition or remote ON 
after OFF. Initially, OV exist on the supply 
output, causing zero feedback volts on Pin 8. 
The slow-start capacitor is discharged, 
forcing Pin 5 to OV,having been clamped by 
the internal discharge transistor. Internal 
supply regulator input exceeds 8A5V, 
releasing low voltage shutdown condition with 
Pin 5 below O.955V. The slow-start 
comparator 
output goes high, resetting the 
start/stop latch, sending a low output signal to 
the output stage power NOR gate. The PWM 
signal is then enabled to feed the output drive 
circuits, starting energy flow through the 
magnetics. 
However, instantaneously 
the 
power supply output is still below O.955V and 
the loop fault comparator 
forces the PWM to 


remain at a minimum duty cycle. The 
equivalent circuit at this instant in the start-up 
cycle which exists at Pin 5 is shown in Figure 
26. 


The actual minimum duty cycle is determined 
by the parallel source resistance of R, and R2 
combined with the shunt loading internal to 
Pin 5. High values of divider resistance, 
20-30kn, 
will supply less shunt current to Pin 


5 and create a lower modulator duty cycle, 
while lower values of R, and R2 (5-1 OkQ) will 
generate a higher modulator voltage and a 
greater resultant minimum duty cycle. 


As the power conversion 
circuits become 
active and Pin 8 feedback voltage increases 
above O.955V, the duty cycle network is 
unclamped: duty cycle increases, controlled 
by the RC time constant R,IIR2.Css, 
and as 
output voltage brings the feedback voltage up 
to equal the reference voltage, 3.80V, the 
error amplifier takes control and the supply is 
in regulation. 


START! 
STOP 
Q 
LATCH 
R 


The stop or shutdown sequence is initiated 
by any of the following conditions: 


a. Supply voltage (bulk) sense below 3.80V 
at Pin 12. 


b. Pin 17 below 8A5V or Pin 7 current 
below level (less than 9mA). 


c. Remote ON/OFF voltage at Pin 6 greater 


than 2V. 


d. Sustained OC2 causing COLYto charge 
above 3.80V (current sense on Pin 14 
continuously 
above O.645V peak). 


DUA~LEVELOVERCURRENT 
COMPARATORS 
The overcurrent 
sensing circuit (Figure 27) 
consists of a single PNP input buffer with 
emitter-follower 
tied to Vz, 7.50V, feeding into 


the base of an NPN split-emitter 
transistor. 
This forms the input node to a set of 
dual-level voltage comparators 
with 


references of 0.528 and 0.645V, respectively. 
Current sources for the comparator 
are fixed 


biased NPNs. 


The typical transition time delay for an 
overcurrent 
fault is 300ns. Bias current at the 
input averages 500nA. 


If the overcurrent 
sense feature is not used, it 
is recommended 
that Pin 14 be tied to 
ground. 


When used for sensing current-derived 
voltage impulses from the primary driver, a 
high-speed, 
low-impedance 
transient filter 


network is advised. An example is shown in 
Figure 28. Keep CF close to the NE/SE5562. 


5OQ..1000n 


10% 
CARBON 
r~ 


Overcurrent 
Logic and Delay 
Capacitor 
Operations 
The circuit takes a voltage input from Pin 14 
and compares the level to a dual reference 
comparator with trips at 0.53 and 0.65V. The 
lower trip point actuates cycle-by-cycle 
shutdown of the output stage with an intrinsic 
delay of 400ns. The second level actuates 
the slow-start function. In addition, there 
exists a separate housekeeping 
circuit whose 
function is to terminate operation of the 
output stage if its threshold 
is exceeded. This 


involves a time delay circuit based on two 
separate switchable current sources, OC 1 


and OC2. The time delay capacitor allows the 
user to program shutdown of the system after 
a predetermined 
number of overcurrent 
cycles have occurred within the period set by 
the ramp-up of the delay capacitor. Once 
shutdown has occurred in this manner, 
external reset is required to restart the 
system. Referring to the logic block Figure 
29, which controls the gating of the two 
charge pumps into the delay capacitor at Pin 
16, the complete signal flow may be traced. 
Logic signals from the overcurrent 
1 and 2 
comparators 
are gated by the clock and 
delayed clock signals generated by the 
sawtooth oscillator. The complete sequence 


for an overcurrent 
fault may be understood by 
referring to Figure 30 for OC2. Here it is 
shown that an OC2 signal exists indicating 
that the 0.65V threshold has been exceeded 
by a signal at Pin 14. 


Note that an overcurrent 
pulse within a 
particular clock frame turns on the respective 
OC2 charge ramp during the entire next clock 
frame. Consecutive 
overcurrent 
pulses of 
either OC1 or OC2 magnitude will activate 
the selected charge pump for the total 
duration that such overcurrent 
occurs. The 
charging cycle will continue until the delay 
capacitor reaches the 3.86V trip level. 
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CALCULATING 
THE DELAY 
CAPACITOR 
Actual delay time for a given capacitor value 
at Pin 16 may be estimated using the graphs 
in Figure 31 for OC1 and OC2. By first 
determining 
the allowable overcurrenttime 
product for a particular power converter, a 
capacitor delay value may be calculated. 


Note that the OC1 charge pump is typically 
13l!A while OC2 pumps 550l!A into the 
capacitor. 
If the exact value is to be 


calculated for a particular delay requirement, 
use the following procedure: 


1. 
Determine the level of overcurrent-GC 
1 


orOC2. 


2. 
Find the maximum delay time which the 
supply may safely sustain for this 
continuous 
overcurrent condition. 
Note 


that OC 1 may be activated on every cycle 
if OC2 is not reached, causing continuous 
charging of C-Delay. However, OC2 
overcurrent 
detection causes the supply 


to go into slow-start shutdown (hiccup 


~~ 


P:iIi 


~ 


P:iII 


III!JI 
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mode), on the first such pulse. OC2 delays 
are based on an interrupted charging 
cycle with total cycle time determined 
by 
the external slow-start delay capacitor 
duty cycle maximum divider-time 
constant. 


For a continuous 
OC 1 overcurrent: 


C 
_ (13X1~)(Delay 
time - 
sec) 
(1) 


DLY 
- 
3.86V 


For a continuous OC2 overcurrent: 


(550X10-6)(Delay 
cycles x 1/fsw) 


CDLY 
= 
3.86V 


Some downward adjustment of the OC2 
capacitor value may be necessary to 
compensate 
for the 1-2l!A of discharge 
current at Pin 16 during the delay cycles. 


~ 
A maximum of 100 OC2 current 
fault cycles is allowed. 


fsw =400kHz, find COLY 


C 
_ (550X1~)(100 
x 1/4 
x 105) 


DLY 
- 
3.86V 


=O.036l!F 


Example' OC2ICDLy 


Find number of OC1 cycles before shutdown 
with 0.036l!F COLY. 


Delay 
Time = (3.6 X 1O-6)~.86 \1 
13 x 10 
A 


=10.7ms 


10.7 X 10-3 


Total cycles shutdown 
= 
2.5 x 10-6 


=4280 


Figure 33 shows an actual OC 1 charging 
cycle for continuous 
fault current sensed at 


Pin 14 and a DLY = 1l!F. 


BULK·SENSE 
AUXILIARY 
COMPARATOR 
WITH 
SHUTDOWN 


This circuit is intended to act as an automatic 
low-line detection mechanism. 
As shown in 


Figure 33, a voltage divider is connected from 
the main unregulated 
DC supply to Pin 12. 


The lower divider resistor may be a 
potentiometer 
of 5-1 Okn resistance with 


center-tap connected 
to Pin 13. The 
comparator which senses Pin 12 voltage is 
referenced to 3.80V and Pin 12 divider 


voltage must be greater than this voltage by a 
sufficient margin to operate within the 
prescribed low-line limits. For instance, if a 
line voltage drop of 25% is considered 
the 
shutdown threshold, then V12 should be 
calculated for a nominal operating voltage as 
shown in Figure 33. 


When the line voltage drops more than 25%, 
the output stage is disabled. With the 
hysteresis connected as shown and the pot 
adjusted near midway, the line voltage will 
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have to exceed 
VNOMINAL 
before the supply 


will restart. The hysteresis control may then 
be calibrated for the desired overexcursion 
before restart. This prevents unstable circuit 
chatter. 


The reset switch provides a means for 
resetting the shutdown latch after overcurrent 
faults have charged COLYto its trip threshold. 
This also provides a discharge 
path for the 


delay capacitor. 
Figure 34 shows internal 


circuit. 
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THE OUTPUT 
DRIVE 
STAGE 
The output stage contains the power NOR 
inhibit gate, invert logic function, and 
source-sink 
drivers. The driver stage is 


capable of sourcing and sinking 100mA at 
frequencies 
up to 600kHz. The output 


transistors are Schottky clamped to prevent 
saturation and the resultant switching delay 
due to stored charge. A 2.5Q current sense 
resistor in the emitter of 0419 
serves to drive 
active clamp 0427 when the output sources 
more than 200mA. This places a limit on the 
peak current available during instantaneous 


SHUT 
DOWN 
LATCH 


charging of a power MaS FET gate. This 
feature protects the output stage from 
inadvertent catastrophic 
overload. 


When sinking current, the output is clamped 
to a maximum of 1.4V. Output swing for 
positive output is typically Vs-1.9V at100mA 
sourcing. Rise time for a 2000pF load at Pin 
19 is typically 160ns with a fall time of BOns. 


The power NOR gate provides a fast 
response inhibit function to shutdown the 
output in the event of a number of different 
fault conditions. All inputs are internal to the 


device and do not appear directly on the 
external pins as is shown on Figure 35. 


The additional flexibility of an invert control 
allows the polarity at the output during duty 
cycle to be reversed. This provides a simple 
means of designing with P-channel pewer 
MOS FETs without adding external inverters. 
The invert logic is controlled 
by a simple logic 


signal at Pin 15. Grounding will cause the 
output to be a normal positive output and a 
high level gives inverted output. 


THE INTERNAL 
VOLTAGE 
REGULATOR 
The internal regulator is configured 
to provide 
for external supply to the NEISE5562 from 
either a voltage feed or a current feed. 1 


For the current-fed 
mode, a series-dropping 
resistor may be used to power the device 
from voltages greater than 18V with current 
supply of 15 to 25mA. Note that supply 
current stated in the data sheet is for the 
device only without load on the output or Vz. 
Drive currents also are pulse-related 
and thus 
reflect frequency components 
onto the 
current-feed 
circuit. These must be filtered 
out at Pin 7 with adequately 
large capacitors 
in order to prevent motor-boating 
(see Figure 
36 and Figure 37). 


Input current to Pin 7 flows through Zeners Z, 
and Z2, and short regulator transmitter OR. A 
differential amplifier with 3.80V reference 
provides feedback to regulate Vs to 15V. 


In the voltage-fed 
mode using Pin 17, the 
Zeners prevent current flow through OR for 
input voltages less than 19V. 


Power dissipation of the device must stay 
within the allowable package limits. These 
limits are derived from the thermal 
characteristics 
of the particular package 
chosen. The NE5562N plastic package is 
capable of operating within the temperature 


range (ambient) of 0 to +700C. This rating 
applies to the surface-mount 
produc1 
NE5562D also. Obviously, the power 
dissipation of the "D" package is lower than 
the standard DIP. Thermal resistance 
for the 
various packages are: 


2O-Pin plastic-NE5562N/SE5562N: 
8JA61°CIW 


2O-Pin glass/ceramic-NE5562FI 
SE5562F: 
8JA90°CIW 


20-Pin SO: -55 to +85°CIW 
(board-dependent) 


NOTE: 


1. See Figures 5 and 6 for Internal Regulator Response 


Curves. 


Design Example-An 
NE5562N is operated 
at 40°C ambient in the voltage-fed 
mode with 
Vs=15V; assume Is=22mA average: 


IL1 


:. PD = (22x10-3) (15) 


=330mW 
Junc1ion temperatures 
will be 20.1 °C above 


average ambient temperatures 
which is 40°C 


TJ=40°C 20.1°C 60.1°C 


The allowable maximum junction temperature 
is 150°C 125°C is more conservative. 
The 


conditions of this example are safe. 


Solving for the temperature 
rise from ambient 
to the IC functions: 


Temperature rise = 61°CIWxO.33W 


= 20.1°C 


NOTES: 
1. Supply 
win become 
active 
as poInt 
'A' reaches 
the level 
of VREF. 
3.80V. 


2. 
Monitor 
Pin 19 and Pin 2 on duaJ·trace 
scope 
with 
voltmeter 
connected 
to supply 
output. 


Flyback 
Converter 


Advantages: 


• Simple circuit. Only one inductive 


component 
even with line isolation. 


• Economic. 
Low component 
count, low cost. 


To Prevent Core Saturation Due to 
Flux Staircasing 


I~max < 1 - ~I'fm 
=n omax< 5 


Demagnetization 
of Core 


• Work over large input voltage variations. 


• Can accommodate 
mUltiple outputs. 


Disadvantages: 


• Large output ripple current due to 


discontinuous 
energy transfer. 


• Large output capacitor; has to supply part 
of the load current. 


• Low leakage inductance 
required to 


prevent high voltage spikes at the 
switching transistors. 


• Relatively large core volume for the output 


power. Core driven in one direction only. 


Design 
Parameters 
for Flyback 
Inductor 


Input 


• Minimum input voltage 


• Maximum input voltage 


Output 


• Output voltage or voltages 


• Output current or currents 


• Output load 


Frequency 
of Operation 


Estimate 
of Overall 
Efficiency. 
(ll) 
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b. Interrupted 
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DESCRIPTION 
The NE5568 is a control circuit for use in 
switched mode power supplies. It contains an 
internal temperature-compensated 
supply, 


PWM, sawtooth oscillator, o,er-current 
sense 
latch, and output stage. The device is 
intended for low cost SMPS applications 
where extensive housekeeping 
functions are 
not required. The NE5568 is a selected 
version of the NE5561. 


FEATURES 


• Micro-miniature 
(D) package 


• Pulse width modulator 


• Current limiting (cycle by cycle) 


• Sawtooth generator 


• Stabilized power supply 


• Double-pulse 
protection 


• Internal temperature-compensated 


reference 


• Switch mode power supplies 


• DC motor controller inverter 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to +70°C 
NE5568N 


8-Pin Cerdip 
o to +70°C 
NE5568FE 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
18 
V 


lOUT 
Output current 
40 
mA 


Output duty cycle 
98 
% 


Po 
Max total power dissipation 
0.75 
W 


TA 
Operating 
temperature 
range 
o to 70 
°C 


vccOS 
GND 


Vz 
2 
7 
OUTPUT 


FEEDBACK 
3 
6 
~~~~fNT 


GAIN 
4 
5 
RT' CT 


DC ELECTRICAL CHARACTERISTICS 
Vcc=12V, TA=25°C, unless otherwise 
specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NE5568 
UNIT 


Min 
Typ 
Max 


Reference 
section 


VREF 
Internal reference voltage 
TA=25°C 
3.69 
3.75 
3.84 
V 


Over temperature 
3.66 
3.87 
V 


Vz 
Internal zener ref 
7.8 
8.2 
8.8 
V 


Temperature coefficient of VREF 
IL=7mA 
± 100 
ppml"C 


Temperature coefficient of Vz 
±200 
ppm/oC 


Oscillator 
section 


f 
Frequency range 
Over temperature 
50 
100k 
Hz 


Initial accuracy 
RT and CT Constant 
5 
% 


Duty cycle range 
fo=20kHz 
0 
98 
% 


Current 
IImltng 


IIN 
Input current 
Pin 6=250mV 
TA=25°C 
-2 
-10 
!LA 


Over temp. 
-20 
f1A 


Single pulse inhibit delay 
Inhibit delay time for 
IOUT=20mA 
0.88 
1.10 
20% overdrive at 
~s 


IOUT=40mA 
0.7 
0.8 
~s 


Current limit trip level 
0.400 
0.500 
0.600 
V 


Error amplifier 


Open-loop 
gain 
60 
dB 


Feedback resistor 
10k 
Q 


BW 
Small-signal 
bandwidth 
3 
MHz 


VOH 
Output voltage swing 
6.2 
V 


VOL 
Output voltage swing 
0.7 
V 


Output 
stage 


lOUT 
Output current 
Over temperature 
20 
mA 


VCE 
Saturation 
Ic=20mA, over temperature 
0.4 
V 


Ic=40mA, over temperature 
0.5 
V 


Supply 
voltage/current 


Icc 
Supply current 
Iz=O, voltage-fed 
TA=25°C 
10.0 
mA 


Over temp. 
13.0 
mA 


Vcc 
Supply voltage 
Is=10mA, current-fed 
19.0 
21.0 
24.0 
V 


Icc=30mA, 
current-fed 
20.0 
30.0 
V 


Low supply 
protection 


Pin 1 threshold 
I 
8.0 
9.0 
10.5 
V 
NOTES: 
All curves and applications 
of NE5561 apply 
exactly 


DESCRIPTION 
This monolithic integrated circuit contains all 
the control circuitry for a regulating 
power 
supply inverter or switching regulator. 
Included in a 16-pin dual-in-Iine 
package is 
the voltage reference, error amplifier, 
oscillator, pUlse-width modulator, pulse 
steering flip-flop, dual alternating 
output 


switches and current-limiting 
and shut-down 
circuitry. This device can be used for 
switching regulators of either polarity, 
transformer-eoupled 
DC-to-DC converters, 
transformerless 
voltage doublers and polarity 
converters, 
as well as other power control 


applications. 
The SG3524 is designed for 


commercial 
applications 
of O°C to +70°C. 


• Complete PWM power control circuitry 


• Single ended or push-pull outputs 


• Line and load regulation of 0.2% 


• 1% maximum temperature 
variation 


16 VREF 


V,N 


EMITIERB 


COLLECTORB 


COLLECTOR 
A 


EMITIERA 


SHUTDOWN 


8 
COMPENSATION 


• Total supply current is less than 10mA 


• Operation beyond 100kHz 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic DIP 
o to +70°C 
SG3524N 


16-Pin Cerdip 
o to +70°C 
SG3524F 


16-Pin SO 
o to +70°C 
SG3524D 


+5VTOALl 
INTERNAL 
CIRCUITRY 
<SV 


SYMBOL 
PARAMETER 
RATING 
UNIT 


VIN 
Input voltage 
40 
V 


lOUT 
Output current (each output) 
100 
mA 


IREF 
Reference output current 
50 
mA 


Oscillator charging current 
5 
mA 


PD 
Power dissipation 


Package limitation 
1000 
mW 


Derate above 25°C 
8 
mW/oC 


TA 
Operating temperature 
range 
o to +70 
°C 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


DC ELECTRICAL 
CHARACTERISTICS 
TA=O"C to +70°C, VIN=20V, and f=20kHz, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
UNIT 


Min 
Typ 
Max 


Reference 
section 


VOUT 
Output voltage 
4.6 
5.0 
5.4 
V 


Line regulation 
VIN=8 to 40V 
10 
30 
mV 


Load regulation 
IL=Oto 20mA 
20 
50 
mV 


Ripple rejection 
f=120Hz, TA=25"C 
66 
dB 


Isc 
Short circuit current limit 
VREF=O,TA=25°C 
100 
mA 


Temperature 
stability 
Over operating temperature 
range 
0.3 
1 
% 


Long-term stability 
TA=25"C 
20 
mY/kHz 


Oscillator 
section 


fMAx 
Maximum frequency 
CT=O.OOl mF, RT=2kQ 


- 
300 
kHz 


Initial accuracy 
RT and CT constant 
5 
% 


Voltage stability 
VIN=8 to 40V, TA=25"C 
1 
% 


Temperature 
stability 
Over operating temperature 
range 
2 
% 


Output amplitude 
Pin 3, TA=25°C 
3.5 
Vp 


Output pulse width 
Cr=O.Ol mF, TA=25°C 
0.5 
f'S 


Error 
amplifier 
section 


vas 
Input offset voltage 
VcM=2.5V 
2 
10 
mV 


ISlAS 
Input bias current 
VCM=2.5V 
2 
10 
f'A 


Open-loop 
voltage gai n 
68 
80 
dB 


VCM 
Common-mode 
voltage 
TA=25°C 
1.8 
3.4 
V 


CMRR 
Common-mode 
rejection ratio 
TA=25"C 
70 
dB 


BW 
Small-signal 
bandwidth 
Av=OdB, TA=25°C 
3 
MHz 


VOUT 
Output voltage 
TA=25"C 
0.5 
3.8 
V 


Comparator 
section 


Duty cycle 
% each output "ON" 
0 
45 
% 


Input threshold 
Zero duty cycle 
1 
V 


Input threshold 
Maximum duty cycle 
3.5 
V 


ISlAS 
Input bias current 
1 
f'A 


DC ELECTRICAL CHARACTERISTICS 
(Continued) 
TA = O°C to +70°C, VIN = 20V, and f = 20kHz, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
LIMITS 
UNIT 


I 
Mln 
I 
Typ 
I Max 


Current 
limiting 
section 


Sense voltage 
Pin 9=2V with error amplifier set for maximum out, 
180 
200 
220 
mV 


TA=25°C 


Sense voltage T.C. 
0.2 
mVI"C 


VCM 
Common-mode 
voltage 
-1 
+1 
V 


Output section 
(each output) 


Collector-emitter 
voltage (breakdown) 
40 
V 


Collector-leakage 
current 
VCE=40V 
0.1 
50 
IJA 


Saturation 
voltage 
Ic=50mA 
1 
2 
V 


Emitter output voltage 
V1N=20V 
17 
18 
V 


tR 
Rise time 
Rc=2kQ, TA=25°C 
0.2 
Il5 


tF 
Fall time 
Rc=2kQ, TA=25°C 
0.1 
Il5 


Total standby 
current 


(excluding oscillator charging current, 
V1N=40V 
8 
10 
mA 


error and current limit dividers, and 
with outputs open) 


Voltage Reference 
An internal series regulator provides a 
nominal 5V output which is used both to 
generate a reference voltage and is the 
regulated source for all the internal timing and 
controlling circuitry. This regulator may be 
bypassed for operation from a fixed 5V 
supply by connecting 
Pins 15 and 16 together 
to the input voltage. In this configuration, 
the 
maximum input voltage is 6.0V. 


This reference regulator may be used as a 
5V source for other circuitry. It will provide up 
to 50mA of current itself and can easily be 
expanded to higher currents with an external 
PNP as shown in Figure 1. 
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Figure 
49. Output 
Stage Dead 
Time 
as a Function 
of the TIming 
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Figure 
50. Oscillator 
Period 


as a Function 
of RT and CT 
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Oscillator 
The oscillator in the SG3524 uses an external 
resistor (RT) to establish a constant charging 
current into an external capacitor (CTl. While 
this uses more current than a 
series-connected 
RC, it provides a linear 


ramp voltage on the capacitor which is also 
used as a reference for the comparator. The 
charging current is equal to 3.6 V + RT and 
should be kept within the approximate 
range 
of 30llA to 2mA; i.e., 1.8k<RT<100k. 


The range of values for CT also has limits as 
the discharge time of CT determines 
the 
pulse-width of the oscillator output pulse. This 
pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously 
during transitions. This 


output dead time relationship 
is shown in 
Figure 2. A pulse width below approximately 
0.5~s may allow false triggering of one output 
by removing the blanking pulse prior to the 
flip-flop's reaching a stable state. If small 
values of CT must be used, the pulse-width 
may still be expanded 
by adding a shunt 
capacitance 
(=1OOpF)to ground at the 


oscillator output. [(Note: Although the 
oscillator output is a convenient 
oscilloscope 


sync input, the cable and input capacitance 
may increase the blanking pulse-width 
slightly.)] Obviously, the upper limit to the 
pulse width is determined 
by the maximum 
duty cycle acceptable. 
Practical values of CT 


fall between 0.001 and 0.1 ~F. 


The oscillator period is approximately 
t=RTCT 
where t is in microseconds 
when RT=!} and 
CT=~F. The use of Figure 3 will allow 
selection of RT and CT for a wide range of 
operating frequencies. 
Note that for series 
regulator applications, 
the two outputs can be 


connected 
in parallel for an effective 0-90% 


duty cycle and the frequency 
of the oscillator 
is the frequency 
of the output. For push-pull 
applications, 
the outputs are separated and 
the flip-flop divides the frequency 
such that 
each output's duty cycle is 0-45% and the 
overall frequency is one-half that of the 
oscillator. 


External Synchronization 
If it is desired to synchronize 
the SG3524 to 
an external clock, a pulse of =+3V may be 
applied to the oscillator output terminal with 
RrCT set slightly greater than the clock 
period. The same considerations 
of 


pulse-width apply. The impedance 
to ground 
at this point is approximately 
2kQ. 


If two or more SG3524s must be 
synchronized 
together, one must be 
designated 
as master with its RrCr 
set for 


the correct period. The slaves should each 
have an RrCr set for approximately 
10% 
longer period than the master with the added 
requirement 
that Cr(slave)=one-half 
Cr 
(master). Then connecting 
Pin 3 on all units 
together will insure that the master output 
pulse-which 
occurs first and has a wider 
pulse width-will 
reset the slave units. 


Error Amplifier 
This circuit is a simple differential input 
transconductance 
amplifier. The output is the 
compensation 
terminal, Pin 9, which is a 
high-impedance 
node (RL" 5MQ). The gain is 


and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
Pin 9 to ground, as shown in Figure 4. 


In addition to DC gain control, the 
compensation 
terminal is also the place for 
AC phase compensation. 
The frequency 
response curves of Figure 4 show the 
uncompensated 
amplifier with a single pole at 
approximately 
200Hz and a unity gain 
crossover at 5MHz. 


Typically, most output filter designs will 
introduce one or more additional 
poles at a 


significantly lower frequency. Therefore, the 
best stabilizing network is a series RC 
combination 
between Pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50kQ plus 
O.OO1f!F. 


One final point on the compensation 
terminal 


is that this is also a convenient 
place to insert 


any programming 
signal which is to override 


the error amplifier. Internal shutdown and 
current limit circuits are connected here, but 
any other circuit which can sink 200f!A can 
pull this point to ground, thus shutting off both 
outputs. 


While feedback is normally applied around 
the entire regulator, the error amplifier can be 
used with conventional 
operational 
amplifier 
feedback and is stable in either the inverting 
or non-inverting 
mode. Regardless of the 
connections, 
however, input common-mode 
limits must be observed or output signal 
inversions may result. For conventional 
regulator applications, 
the 5V reference 
voltage must be divided down as shown in 
Figure 5. The error amplifier may also be 
used in fixed duty cycle applications 
by using 


the unity gain configuration 
shown in the 
open-loop test circuit. 


Current 
Limiting 
The current limiting circuitry of the SG3524 is 
shown in Figure 6. 


By matching the base-€milter 
voltages of 01 
and 02, and assuming a negligible voltage 
drop across R,: 


=I,Rz" 
200mV 


Although this circuit provides a relatively 
small threshold with a negligible temperature 
coefficient, there are some limitations to its 
use, the most important of which is the ±1V 
common-mode 
range which requires sensing 
in the ground line. Another factor to consider 
is that the frequency compensation 
provided 


by R,C, and 01 provides a roll-off pole at 
approximately 
300Hz. 


Since the gain of this circuit is relatively low, 
there is a transition region as the current limit 
amplifier takes over pulse width control from 
the error amplifier. For testing purposes, 
threshold is defined as the input voltage 
required to get 25% duty cycle with the error 
amplifier signaling maximum duty cycle. 


In addition to constant current limiting, Pins 4 
and 5 may also be used in 
transformer-coupled 
circuits to sense primary 


current and to shorten an output pulse, 
should transformer 
saturation occur. Another 


application is to ground Pin 5 and use Pin 4 
as an additional 
shutdown terminal: i.e., the 


output will be off with Pin 4 open and on 
when it is grounded. 
Finally, foldback current 


limiting can be provided with the network of 
Figure 7. This circuit can reduce the 
short-circuit current (Isel to approximately 
one-third the maximum available output 
current (IMAX). 
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NOTE: 


Foldback current limrting can be used to reduce power disslpa!lon under shoned output condhlons. 


DESCRIPTION 
The lJA723/lJA723C is a monolithic 
precision 


voltage regulator capable of operation in 
positive or negative supplies as a series, 
shunt, switching, or floating regulator. The 
723 contains a temperature-compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown. 


• Positive or negative supply operation 


• Series, shunt, switching, or floating opera- 
tion 


• 0.01% line and load regulation 


• Output voltage adjustable 
from 2V to 37V 


• Output current to 150mA without external 


pass transistor 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


14-Pin Ceramic DIP 
-55'C to 125'C 
lJA723F 


14-Pin Plastic DIP 
o to 70°C 
lJA723CN 


14-Pin Plastic SO 
o to 70'C 
lJA723CD 


FREQUENCY 
COMPENSATION 


13 


INVERTING 
INPUT 
• 


2 


CURRENT 
UMIT 


NC' 


CURRENT 
UMiT 


CURRENT 
SENSE 


INVERTING' 


INPUT 
ON~NYERTING 5 
INPUT 


YREF 


" 
NC 
FREQUENCY 
COMPENS 
. 


V+ 


11 Vc 


VOUT 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Pulse voltage from V+ to V- (50ms) 
50 
V 


Continuous 
voltage from V+ to V- 
40 
V 


Input-output 
voltage differential 
40 
V 


V01FF 
Error amplifier maximum input differential voltage 
±5 
V 


VCM 
Error amplifier non-inverting 
input (Pin 5) to -V (Pin 7) 
8 
V 


lOUT 
Maximum output current 
150 
mA 


Current from VREF 
15 
mA 


Current from Vz 
25 
mA 


PMAX 
Maximum power dissipation TA=25°C (still-air)' 


F package 
1190 
mW 


N package 
1420 
mW 


D package 
1040 
mW 


TA 
Operating 
ambient temperature 
range 
!J.A723 
-55 to +125 
°C 


!J.A723C 
Oto 70 
°C 


TSTG 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead soldering temperature 
(10sec max) 
300 
°C 


NOTES: 
1. The following derating factors should be applied above 25°C 
F package at 9.5mW/oC 
N package at 11.4mWrC 
D package at 8.3mW/"C 


DC ELECTRICAL 
CHARACTERISTICS 
TA=25°C, unless otherwise 
specified.1 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
llA723 
flA723C 


Min 
Typ 
Max 
Min 
Typ 
Max 


VRLlNE 
Line regulation2 
V1N=12Vto V1N=15V 
0.01 
0.1 
0.01 
0.1 
%VOUT 


VIN=12V to VIN=40V 
0.02 
0.2 
0.1 
0.5 
%VOUT 


VR LOAD 
Load regulation2 
IL=1mA to IL=50mA 
0.03 
0.15 
0.03 
0.2 
%VOUT 


6VIN/6 va 
Ripple Rejection 
f=50Hz to 10kHz, CREF=O 
74 
74 
dB 


f=50Hz to 10kHz, CREF=5flF 
86 
86 
dB 


los 
Short-circuit 
current 
Rsc=10n, 
VOUT=O 
65 
65 
mA 


VREF 
Reference voltage 
IREF=0.1mA 
6.95 
7.15 
7.35 
6.80 
7.15 
7.50 
V 


VREF(LOAO) 


Reference voltage 
IREF=0.1mA to 5mA 
20 
20 
mV 
change with load 


VNOISE 
Output noise voltage 
BW=1 OOHzto 10kHz, CREF=O 
20 
20 
flVRMS 


BW=100Hz to 10kHz, CREF=5flF 
2.5 
2.5 
flVRMS 


S 
Long-term stability 
T T 
I TA=25°C for end point 
0.1 
0.1 
%1000 hrs. 
J= Jmax. 
measurment 


ISCD 
Standby current drain 
IL=0, V1N=30V 
2.3 
3.5 
2.3 
4.0 
mA 


V1N 
Input voltage range 
9.5 
40 
9.5 
40 
V 


VOUT 
Output voltage range 
2.0 
37 
2.0 
37 
V 


VDIFF 
Input-output 
voltage dif- 
3.0 
38 
3.0 
38 
V 
ferential 


The following specifications apply over the operating temperature ranges. 


VRLlNE 
Line regulation 
V1N=12V to V1N=15V 
0.3 
0.3 
%VOUT 


VR LOAD 
Load regulation 
IL=1mA to IL=50mA 
0.6 
0.6 
%VOUT 
Average temperature 
0.00 
0.01 
0.00 
0.01 
TC 
coefficient of output 
°l%C 


voltage 
2 
5 
3 
5 


NOTES: 
1. 
V1N=V+=Vc=12V, V-=OV, VOUT=5V, IL=1mA, Rsc=O, C,=1 OOpF,CREF=Oand divider impedance as seen by error amplifier";10kQ. 


2. 
The load and line regulation 
specifications 
are for constant junction temperature. 
Temperature drift effects must be taken into account sepa- 
rately when the unit is operating under conditions of high dissipation. 
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DESCRIPTION 
The UC3842 is available in an 8-Pin mini-DIP 
the necessary features to implement 
off-line, 
fixed-frequency 
current-mode 
control 


schemes with a minimal external parts count. 
This technique results in improved line 
regulation, enhanced 
load response 
characteristics, 
and a simpler, easier to 


design control loop. Topological advantages 
include inherent pUlse-by-pulse 
current 
limiting. 


Protection circuitry includes built-in 
undervoltage 
lock-out and current limiting. 
Other features include fully-latched 
operation, 
a 1% trimmed bandgap reference, and 
start-up current less than 1mA. 


These devices feature a totem-pole output 
designed to source and sink high peak 
current from a capacitive 
load, such as the 


gate of a power MOSFET. Consistent with 
N-channel power devices, the output is low in 
the OFF-state. 


NOTE: 


Pin numbers in parentheses refer 10 the 0 package. 


FEATURES 


• Low start-up current (5:1mAl 


• Automatic feed-forward 
compensation 


• Pulse-by-pulse 
current limiting 


• Enhanced load response characteristics 


• Undervoltage 
lock-out with hysteresis 


• Double pulse suppression 


• High current totem-pole output 


• Internally-trimmed 
bandgap reference 


• 400kHz operation, guaranteed 
min 


• Off-line switched mode power supplies 


• DC-to-DC converters UC3842 
0 


8VREF 


2 
7 
Vcc 


3 
6 
OUTPUT 


4 
5 
GROUND 


TOP VIEW 


VREF 


NC 


VCC 


11 Vc 


OUTPUT 


9 
GROUND 


POWER 
GROUND 


8(14) VREF 


5.0V 
50mA 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
Oto+70°C 
UC3842N 


14-Pin Plastic SO 
o to +70°C 
UC3842D 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage (Icc<30mA) 
Self-Limiting 


Vcc 
Supply voltage 
30 
V 


(low impedance source) 


lOUT 
Output current 2,3 
±1 
A 


Output energy (capacitive 
load) 
5 
JlJ 


Analog inputs (Pin 2, Pin 3) 
-0.3 to 6.3 
V 


Error amp output sink current 
10 
mA 


Po 
Power dissipation at TA570°C 
1 
W 


(derate 12.5mW/oC 
for TA>70°C)2 


Tsm 
Storage temperature 
range 
-65 to +150 
°C 


TSOLD 
Lead temperature 
300 
°C 


(scldering, 
1Osec max) 


NOTES: 
1. All voltages are with respect to Pin 5; all currents are positive into the specified terminal. 
2. 
See section in application 
note on "Power Dissipation Calculation". 
3. 
This parameter 
is guaranteed, 
but not 100% tested in production. 


DC AND AC ELECTRICAL CHARACTERISTICS 
OSTJ570°C for UC3842; Vcc=154; 
Rr=10kW; 
Cr=3.3nF, unless otherwise specified. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
UC3842 
UNIT 


Mln 
Typ 
Max 


Reference section 


Vour 
Output voltage 
TJ=25°C,lo=lmA 
4.90 
5.00 
5.10 
V 


Une regulation 
12SVINS25V 
6 
20 
mV 


Load regulation 
lSIoS2OmA 
6 
25 
mV 


Temp. stability' 
0.2 
0.4 
mV/oC 


Total output variation 1 
Line, load, temp. 
4.82 
5.18 
V 


VNOISE 
Output noise voltage 1 
10Hzsfsl0kHz, 
TJ=25°C 
50 
IlV 


Long-term stabilitY' 
TJ=125°C, 1000 Hrs. 
5 
25 
mV 


Output short-circuit 
TJ=25 
-30 
-100 
-130 
mA 


Output short-circuit 
-55<TJSO°C 
-30 
-100 
-180 
mA 


Oscillator section 


Initial accuracy 
TJ=25°C 
47 
52 
57 
kHz 


Voltage stability 
12SVccS25V 
0.2 
1 
% 


Temp. stability' 
TMINSTJsTMAX 
5 
% 


Amplitude 
VPIN4 peak-to-peak 
1.7 
V 


Error amp section 


Input voltage 
V Pin 1=2.5V 
2.42 
2.50 
2.58 
V 


ISlAS 
Input bias current 
-0.3 
-2 
!LA 


AVOL 
2SV0S4V 
65 
90 
dB 


Unity gain bandwidth 1 
TJ=25°C 
0.7 
1 
MHz 


Unity gain bandwidth 
TMIN<TJ<TMAX 
0.5 
MHz 


PSRR 
Power supply rejection ratio 
12SVcc<25V 
60 
70 
dB 


ISINK 
Output sink current 
VPIN2=2.7V, VPIN1=1.lV 
2 
6 
mA 


ISOURCE 
Output source current 
VPIN2=2.3V, VPIN1=5V 
-D.5 
-D.8 
mA 


Vour High 
VPIN2=2.3V, RL=15k to ground 
5 
6 
V 


Vour Low 
VPIN2=2.7V, RL=15k to Pin 8 
0.7 
1.1 
V 
Current sense section 


Gain 2,3 
2.85 
3 
3.15 
VN 


Maximum input signal2 
VPIN1=5V 
0.9 
1 
1.1 
V 


PSRR 
Power supply rejection rati02 
12SVccS25V 
70 
dB 


ISlAS 
Input bias current 
-2 
-10 
!LA 


Delay to output 1 
150 
300 
ns 


DC AND AC ELECTRICAL 
CHARACTERISTICS 


0,;TJS70°C for UC3842; Vcc=154; 
Rr=10kn; 
CT=3.3nF, unless otherwise specified 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
UC3842 
I 
UNIT 


Min 
Typ I Max I 


Output section 


IOL 
Output Low-Level 
ISINK=20mA 
0.1 
0.4 
V 


iSINK=200mA 
1.5 
2.2 
V 


IOH 
Output High-Level 
ISOURCE=20mA 
13 
13.5 
V 


IsouRCE=200mA 
12 
13.5 
V 


tR 
Rise time 
CL=1nF 
50 
150 
ns 


tF 
Fall time 
CL=1nF 
50 
150 
ns 


Undervoltage lockout section 


Start threshold 
X842 
14.5 
16 
17.5 
V 


X843 
7.8 
8.4 
9.0 
V 


Min. operating voltage after turn on 
X842 
8.5 
10 
11.5 
V 


X843 
7.0 
7.6 
8.2 
V 


PWM section 
I Maximum duty cycle 
X842143 
I 
93 
I 
97 
100 
% 


I Minimum duty cycle 
I 
0 
% 


Total standby current 


Start-up current 
0.5 
1 
mA 


Icc 
Operating supply current 
VPIN2=VPIN3=OV 
11 
17 
mA 


Vcc zener voltage 
Icc=25mA 
34 
V 


Maximum operating frequency section 


Maximum operating frequency for all 
400 
kHz 
functions operating cycle-by-cycle 


NOTES: 
1. These parameters, 
although guaranteed, 
are not 100% tested in production. 
2. 
Parameter measured at trip point of latch with VPIN2=0. 
3. 
Gain defined as: 
t1VPlN 
1 


A = t1VPIN3 
; 0 S 
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O.SV 
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NOTE: 


During 
UnderYoltage 
Lock·Out. 
the output 
driver 
is biased 
to a high irl"'p8dance state. 
Pin 6 should 
be shunted 
to ground 
with 
a bleeder 
resistor 
to prevent 
activating 
the power 
switch 
with 
output 
leakage 
current. 
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NOTE, 


Peak current (1S) is determined by the formula: 
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OUTPUT 
CURRENT, 
SOURCE 
OR SINK 
(A) 


Sk 


ISENSE 
ADJUST 


NOTE: 


High peak 
currents 
associated 
with 
capac~ive 
loads 
necessitate 
careful 
grounding 
techniques. 
Timing 
and bypass 
capacitors 
should 
be connec1ed 
close 
to Pin 5 in a single 
point 


ground. 
The transistor 
and 
5k potentiometer 
are used 
to sample 
the oscillator 
waveform 
and apply 
an adjustable 
ramp to Pin 3. 


ISENSEI 


500 
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I 


I 
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NOTE: 


Shutdown 
of the UC3842 
can be accomplished 
by two 
methods; 
either 
raise 
Pin 3 above 
1Vor 
pull Pin 1 below 
a voltage 
two diode 
drops 
above 
ground. 
Either 
method 
causes 
the 


output 
of thw PWM 
comparator 
to be high 
(refer to Block 
Diagram). 
The PWM 
latch 
is reset 
dominant 
so that the output 
will remain 
low until the 
next clock 
cycle 
aftar 
the shutdown 


condition 
at Pins 
1 and/or 
3 is removed. 
In the examples 
shown, 
an externally-latched 
shutdown 
may be accorrplished 
by adding 
an SCR 
which 
will be reset 
by cycling 


VCC 
below 
the lower 
UVLO 
threshold 
(lOV). 
At this point 
all internal 
bias 
is removed, 
allowing 
the SCR 
to reset. 


UC3842 
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Input line voltage: 


Input frequency: 


Switching frequency: 


Output power: 


Output voltage: 


Output current: 


Line regulation: 


Load regulation: 


Efficiency @ 25 W, 


V1N=90VAC: 


VIN=130VAC: 


Output short-circuit 
current: 


NOTE: 
This circuit uses a low-cost feedback scheme 
in which the DC voltage developed from the 
primary-side 
control winding is sensed by the 


90VAC to 130VAC 


50 or 60Hz 


0.01%/V 


8%/A· 


2.5A average 
UC3842 error amplifier. Load regulation is 
therefore dependent on the coupling between 
secondary and control windings, and on 
transformer 
leakage inductance. 
For 


applications 
requiring beller load regulation, a 
UCl901 
Isolated Feedback Generator can be 
used to directly sense the output voltage. 
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Preliminary 
specification 


GENERAL 
DESCRIPTION 


The TDA8380 is an integrated circuit intended for useasa control circuit in low-cost switched mode 
power supplies for television, monitors and small industrial equipment. The TDA8380 operates using 
duty factor regulation in the fixed frequency mode. 


Features 


• 
A low-current initialization circuit (maximum 150 p.A) which can be switched off 
• 
A bandgap reference generator 
• 
Circuitry for slow-start combined with an accurate setting of the maximum duty factor (Dmax) 
• 
Programmable low supply voltage protection with one default value 
• 
High supply protection circuitry 
• 
Error amplifier with a transfer characteristic generator (TCG) 
• 
Protection against open- and short-circuited feedback loop 
• 
An overload voltage foldback 
• 
Primary current protection circuitry for both cycle-by-cycle and trip mode 
• 
Protection against transformer saturation 
• 
A direct drive output stage(sink current 2.5 A, source current 0.75 A) 
• 
Anti-double pulse logic 
• 
Protected against damageasa result of a short-circuited high-voltage transistor 


• 
RC oscillator with synchronization input 


parameter 
symbol 
min. 
typo 
max. 
unit 


Supply voltage 
VCC 
- 


I 


14 
- 
V 


Supply current 
ICC 
- 
- 
I 
15 
mA 


Output pulse repetition frequency 


I 


range 
fo 
10 
- 
100 
kHz 


Operating ambient temperature range 
Tamb 
-25 
- 
+ 70 
°C 


2 
.C2 


E2 


OUTPUT 
DEVICES 
16 
C1 


15 
El 


TRANSFER 
CHARACTERISTIC 
GENERATOR 


(TCG) 


1 
E2 
2 
C2 


3 
DEM 


4 
VCCmin 


5 
VCC 


6 
Iref 


7 
FB 


8 
STAB 


9 
DUTY 


10 
COSC 


11 
SYNC 


12 
SS 


13 
CURR 


14 
VEE 


15 
E1 


16 
C1 


Emitter of output sourcetransistor 


Collector of output source transistor 


Demagnetization senseinput 


Minimum VCC threshold setting 


Supply voltage 


Referencecurrent setting 


Feedback input 


Output error amplifier 


Pulsewidth modulator input 


Oscillator capacitor 


Synchronization input 


Maximum duty factor (Dmax) setting plus slow-start 


Input current protection 


Ground 


Emitter of output sink transistor 


Collector of output sink transistor 


FUNCTIONAL 
DESCRIPTION 


The TDA8380 
is a control circuit which generatesthe pulses required to drive the switching transistor 


in a switched mode power supply (SMPS). 


Supply 


This device is intended to be used on the primary side of the power supply and can be supplied via a 
take-over (auxiliary) winding on the transformer. 


The device is initialized via a high value resistor connected between the rectified mains voltage and the 
device's supply pin (pin 5), which causesthe capacitor connected to this pin to charge slowly. When 
the voltage exceedsthe initialization 
level (typically 
17 V) the device will start up and the duty cycle 


will be slowly increased by the slow-start circuit. After a short period the take-over winding will supply 
the device. The value of the resistor is normally defined by the time taken to charge the capacitor. 
A one second delay between switching on and operation of the power supply is acceptable in most 
cases. 


The operating voltage range is from 9 to 20 V. The supply pin is protected by a 23 V Zener diode. 
The supply protection circuit is activated once the Zener diode is conducting. The slow-start procedure 
begins after initialization, 
until then the output is off. The current drawn by the device during the 
initialization 
period is lessthan 150 J1A. 


When the supply voltage falls below the minimum trip level, the device switches off and the start-up 
procedure is repeated. The minimum voltage supply threshold setting (VCCmin) can be set externally 
with a resistor connected between the VCCmin pin (pin 4) and ground (pin 14) (seeFig.3). 


I 
I 
I 
I 
I 
I 


I 
I 
____ L 
I 
I 
I 
I 
I 


I 
I 


I 
I 


VCCmin can be set between 8.4 V (an internally fixed overriding protection level) and 17 V by means 
of an external resistor connected to pin 4. 


When choosing the initialization 
and minimum supply voltages the following should be taken into 


account: 


• 
The difference between the two voltages should be large enough to enable a supply voltage dip 
during start-up. 


• 
The value of the minimum supply voltage should be high enough to ensure that the high-voltage 
transistor is correctly driven. A high protection level makes it possible to have a large resistor value 
in serieswith the basedrive. 


For battery line input operation, the VCCmin pin is connected to VCC, the start-up circuit is then 
inhibited and the device starts operating when VCC exceedsthe 8.4 V protection level (this level has a 
hysteresis of approximately 
50 mV). The device draws current continuously under these conditions. 


Reference 
block 


A bandgap basedreference generatesa stabilized voltage of 7 V to supply most of the device's internal 
circuits, this decreaseschip size and increasesreliability. 
The only circuits connected to VCC are: 


• 
The initialization 
circuit 


• 
The output circuitry 


• 
The seriestransistor of the stabilized voltage 


By meansof a resistor (R6) connected to the Iref input a reference current is defined wh ich determ ines 
six other device settings. 


Part of the reference current is usedto charge the oscillator capacitor (C1Q), therefore, the charging 
time is proportional to R6 x C1Q.The maximum duty factor lOmax) is set by the resistor connected 
to pin 12 (R 12) and is defined by the ratio R6/R 12. The minimum supply voltage (pin 5) set by the 
resistor (R4) at input VCCmin is defined by: 4/6 x V6 x R4/R6' 


Oscillator 


The oscillator capacitor is charged and discharged between the high and low voltage levels asdefined 
by the bandgap reference (high voltage typically 
5 V and low voltage typically 
1.4 V). The charge 
current is 1/6 of the reference current, the discharge current having the samevalue asthe reference 
current. The period is therefore defined by 10 x R6 x C1Q. 


The oscillator flyback pulse is usedto set the bistable in the output logic, however the output remains 
low until the positive ramp starts (seeFig.4). The oscillator can be synchronized by meansof the 
SYNC pin. When this pin is connected to VCC, the oscillator is free running. When it is between 
0.85 and 5.6 V, the oscillator stops at the low voltage level prior to the next positive ramp. 


- 
- 
high voltage 
-- 
Dmax (80%) 


- 
Dmtn 
(12%) 


- 
low voltage 


Synchronization 


The synchronization 
input (pin 11) can be driven by either an optocoupler or a loosely coupled pulse 
transformer. 


Figure 5(a) illustrates synchronization using the 0.85 V threshold and a digital signal connected to the 
SYNC input (for example, an optocoupler between pin 11 and VCC); the duty factor of the pulse is 
not very important. The oscillator starts at the first negative going edgeof the sync. signal after the 
low voltage level has been reached. The synchronization frequency must be lower than the free running 
frequency. Synchronization 
must never affect the period time asthis will corrupt the setting of the 
maximum duty factor. 


In Fig.5(b) the disabling threshold (5.6 V) is usedfor synchronization. 
In this casethe oscillator 
starts at the positive going edgeof the sync. signal. 


Figure 6 illustrates synchronization 
using a pulse transformer. 
Internal circuitry 
causes a DC shift 
which informs the device that synchronization 
pulses are present (spikes around 0 V at the output 
of 
the pulse transformer) 
or not present (DC 0 V at the output 
of the pulse transformer). 
When 
synchronization 
is not used the SYNC pin must be connected to VCC. it must not be connected 
directly 
to ground or left open. 


VEE 
pin 14 


FUNCTIONAL 
DESCRIPTION (continued) 


Error amplifier 


The error amplifier compares the feedback voltage of the SMPSwith a reference voltage (nominally 
2.5 V). The amplifier output at pin 8 enablesgain setting. The amplifier is stable for a gain greater 
than 20 dB. 


The output of the error amplifier is not internally connected to the PulseWidth Modulator (PWM). 
One input to the PWM is available at the DUTY input (pin 9) via the Control Slicing Level (CSL) 
circuit. Normally the STAB and DUTY pins are connected together, but direct driving of pin 9 via an 
optocoupler from the secondary side is also possible. A type of current mode control can be achieved 
by mixing the STAB signal with the primary current signal before applying it to the DUTY input. 


The feedback (FB) input (pin 7) is used asthe input to the Transfer Characteristic Generator (TCG) 
circuit' which ensureswell defined duty factors at low FB voltages; a voltage foldback is an inherent 
characteristic. In Fig.7, the duty factor is shown asa function of the voltages at the FB, DUTY and 
SS inputs. The input which givesthe lowest duty factor overrides the others. 


The left hand curve is passedthrough during a slow-start (via the slow-start input pin 12) when the 
duty cycle slowly increaseslinearly with respect to V12. The right-hand curve is passedthrough at 
start-up. The FB voltage slowly increasesfrom zero and the duty factor, starting at 12%, increases 
until the maximum duty factor (Dmax) is reached. A few hundred millivolts 
later, the FB voltage 


reachesthe start of the regulation curve which is at approximately 2.5 V. The plateau area between 
reaching Dmax and starting the regulation curve is kept assmall aspossible (typically 200 mV). 


internal 


maximum 
duty 
factor 


slow 
start 
at 
3.2 V 


_ 
55 
voltage 
(V12) 
feedback 
_ 


and 
DUTY 
voltage 
(Vg) 
voltage 
(V?) 


F· 
7 Th 
d 
f 
f' 
7Z24430 
Ig. 
e 
uty 
actor asa unction of the FB, SS and DUTY voltages. 


Due to the characteristics of the TCG, and the fact that an open FB input results in a low voltage at 
the FB input, open- and short-circuit feedback loops will result in low duty factors. When DC 
feedback is used acrossthe error amplifier, the current capability of the error amplifier must be 
considered when determining the feedback resistor value. 


When the input to the PWM (pin 9) is driven by an optocoupler, the TCG can be used when a rough 
primary voltage is applied to the FB input. In this situation an open feedback loop will causean 
increase in the FB voltage asthe duty factor risesto its maximum. As soon asthe FB voltage exceeds 
the reference by 0.7 V, the slow-start is triggered. 
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Demagnetization 
sense circuit 


To enable the SMPS to be kept in the non-continuous 
mode, an input 
is available which 
delays 
switch-on 
of the high-voltage 
transistor 
until 
the transformer 
currents 
have decayed to zero. This is an 
effective 
way of avoiding 
transformer 
saturation. 
The waveforms 
illustrated 
by Fig.S show 


demagnetization 
with 
respect to the application 
diagram 
of F ig.12. 


collector 
of 


high-voltage 
transistor 


As long as the voltage of the take-over 
(auxiliary) 
winding 
(also used for supplying 
the device) 
is 


above 0.6 V (V3) the output 
will 
be prevented 
from 
switching 
on. 


Over-current 
protection 


The over-current 
protection 
circu it (pin 
13) senses the voltage 
across resistor 
Rs (see F ig.12), 
which 


reflects 
the primary 
current. 
This generated 
voltage 
is negative-going 
as the emitter 
of the high-voltage 


power transistor 
is grounded 
(this circuit 
arrangement 
provides 
the Ie with 
the best safeguard against 


a possible collector-emitter 
short-circuit 
in the power 
transistor). 
At pin 
13, the negative voltage 
signal 
is shifted 
to a positive 
level by a voltage across resistor 
R 13. This voltage 
is set by the reference 
current 


at pin 13 and is defined 
by resistor 
R6 at the Iref input 
(pin 6) and = 1/6 x V ref/R6. 


Therefore 
V shift(V 
R 13) = V ref/6 
x R 13/R6 
or nom inal 0.416 
x R 13/R6 
(V). 


The positive 
current 
monitor 
voltage 
at pin 
13 is compared 
with 
two voltage 
levels: the first 
level = 


0.2 V and the second level = 0 V (see Fig.9). 


The first 
trip 
level only 
switches off 
the high-voltage 
transistor 
for a cycle and puts the SMPS in a 
continuous 
cycle-by-cycle 
current 
protection 
mode. 


The second trip 
level is only 
activated 
when the primary 
current 
rise is very fast which 
can occur during 


a short-circuited 
output. 
In this mode the high-voltage 
transistor 
is quickly 
switched 
off 
and the 
slow-start 
procedure 
is activated. 


The difference 
between 
the first 
and second primary 
current 
peak levels is set by Rs: 


12 - 
11 = 0.2/Rs· 


The absolute 
peak values are set by R6 and R 13: 


12xRs=0.416xR13/R6 
or 


11 x Rs= 
(0.416 
x R13/R6) 
-0.2 


1 


V13 


Vshilt 


200mV- 


OV 


voltage 
across 


RS 


first trip level 
----------~~~~~~----- 


Slow-start 
circuit 


A slow-start 
occurs: 


• 
At Switch-on 
of the SMPS 
• 
After a current 
trip as described 
in the section 
Over-current 
protection 
• 
After a low or high VCC trip. 


The capacitor 
at the SS input 
is discharged 
and the slow-start 
bistable 
is reset when the voltage 
at the 
SS input falls below 0.5 V after which the circuit 
is ready for a slow-start. 
The dead time 
(during 
which 
the capacitor 
at the SS input 
is being charged 
to the 1.4 V lower level of the sawtooth) 
before 
duty 
cycle regulation 
starts 
is minimal. 
The SS input can also be used for Dmax setting 
by connecting 
a 
resistor 
to ground. 
The voltage 
across this resistor 
is then 
limited to 1/6 x Vref x R 12IR6. 


Output 
stages 


The output 
stage consists 
of two NPN darlington 
transistors, 
their collector 
and emitter 
connected 
to 
separate 
pins (see F ig.12). The top transistor 
is capable 
of sourcing 
a maximum 
of 0.75 A to the 
high-voltage 
transistor 
while the bottom 
transistor 
can sink peak currents 
up to 2.5 A. 


For low currents 
up to 10 mA, the saturation 
voltage of the sink darlington 
transistor 
is similar to that 
of a single transistor 
(see Fig.lO). 
During switching 
of this transistor 
dV/dt 
is internally 
limited to 
reduce 
interference. 


Care should 
be taken 
with the external 
wiring of the output 
pins to avoid oscillation 
or interference 
due to parasitic 
inductance 
and wire resistance. 


During start-up 
a small current 
flows from VCC to E2 to precharge 
the series capacitor 
at the output 


(see F ig.12). 


115.16 
(A) 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 
symbol 
min. 
typo 
max. 
unit 


Voltage 
pin 5 (VCC) 
-0.5 
- 
20 
V 
pins 1,2,4 
and 16 
-0.5 
- 
VCC 
V 
pins 3 and 13 
-0.5 
- 
0.5 
V 
pins 7 and 9 
-0.5 
- 
6.5 
V 
pin 11 
0.6 
- 
VCC 
V 


Currents 
pin 5 (VCC) 
0 
- 
20 
mA 
pin 1 
-0.75 
- 
0 
A 
pin 2 
0 
- 
0.75 
A 
pins 3,4,6 
to 8 and 10 to 12 
-10 
- 
10 
mA 
pin 13 
-200 
- 
10 
mA 
pin 15 
-2.5 
- 
0 
A 
pin 16 
0 
- 
2.5 
A 


Total power dissipation 
Ptot 
seeFig.11 


Operating ambient temperature range 
(for dissipation";;;; 1 W) 
Tamb 
-25 
- 
+ 70 
°C 


Storage temperature range 
Tstg 
-55 
- 
+ 150 
oC 


CHARACTERISTICS 


VCC = 14 V; Tamb = 25 oC; reference resistor = 5 kn unless otherwise specified 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Supply 


Supply voltage 
VCC 
9 
- 
20 
V 


Supply initialization 
level 
V5 
15 
I 17 
18 
V 


I 


High voltage protection 
V5 
21 
123 
25 
IV 


Internal fixed minimum 


protection 
level 
V5 
I ~9 


8.4 
8.9 
V 


Hysteresis 
dVCC 
150 
- 
mV 


Supply current 
I 


I 


operational 
ICC 
I- 
i ~OO 
15 
mA 
, 


before initialization 
ICC 
- 
150 
JlA 
I 


Reference current (pin 4) 
note 1 
14 
16/5.7 116/6 
16/6.4 
mA 


Trigger level VCCmin setting 
V5 
3.6V 4 I 3.8V 4 
4.2V4 
V 


Clamp voltage 
at 20 mA 
21.5 
I 23.5 
25.5 
V 


Reference (pin 6) 
I 


Reference voltage 
Vref 
2.4 
2.5 
2.6 
V 


Current range 
Iref 
200 
- 
800 
JlA 


Reference voltage over 
16 range 
dVref 
-20 


1- 


+ 20 
mV 


Error amplifier 
I 


Error amplifier 
threshold 
VCC = 8.5 to 20 V 
V7 
2.4 
2.5 
2.6 
V 


Input current 
17 
0 
- 
5 
JlA 


Sink current output 
at 1.2 V 
18 
1 


I - 
- 
mA 


Source current output 
at 5.5 V 
18 
80 


1 


100 
130 
JlA 


Open loop gain 
AO 
- 
100 
- 
dB 


Unity gain bandwidth 
BW 
- 
5 
- 
MHz 


Input DUTY current 
note 1 
19 
, 16/5.7 I 16/6 
16/6.3 
mA 


High FB protection 
level 
V7 
2.95 
i 3.1 
3.25 
V 


Temperature 
coefficient 
of 
error amplifier 
threshold 
dV7/dT 
- 
100 
- 
10-6/K 


TCG function 
(see Fig.7) 


Transfer characteristic 
dD/dV7 
- 
32 
- 
%/V 


Minimum 
duty factor 
Dmin 
- 
12 
- 
% 


Plateau width 
V7 
- 
200 
- 
mV 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Slow-start function 


Transfer characteristic 
dD/dV12 
- 
23.8 
- 
%/V 


1nput current 
note 1 
112 
16/5.7 
16/6 
16/6.3 
mA 


Sink current during fau Its 
at 0.5 V 
112 
8 
- 
- 
mA 


Internally 
fixed maximum 


duty factor 
Dmax 
75 
80 
85 
% 


Clamp current 
at V 12 = 0.5 V 
112 
- 
-2 
- 
mA 


Output stage 


Source transistor 


Voltage drop with respect 


to VCC 
at 0.75 A 
VCC-Vl 
- 
2 
- 
V 


PuII-up current 
VCC - 
Vl = 15 V 
-11 
25 
- 
100 
J1A 
Operating current range 
-11 
0 
- 
0.75 
A 


Sink transistor (see Fig.l 0) 


I 
Saturation 
voltage 
at 2.5 A 
V16-V15 
1- 
2 
- 
V 
at 1 A 
V16-V15 
- 
1.5 
- 
V 
at 10 mA 
V16-V15 
- 
0.3 
- 
V 
Leakage current 
V 16 - 
V 15 = 20 V 
116 
- 
- 
1 
J1A 


I 


Falling edge 
dV16-15/dt 
- 
0.2 
- 
V/ns 


I 
Operating current range 


Peak 
116 
0 
- 
2.5 
A 
Average 
116 
- 
- 
250 
mA 


Oscillator 


High level voltage 
VlO 
- 
5 
- 
V 
Low level voltage 
VlO 
- 
1.4 
- 
V 
Charge current 
note 1 
110 
16/5.7 
16/6 
16/6.3 
mA 
Frequency range 
fo 
10 
- 
100 
kHz 


Frequency 
R6 = 5 kn 


I 


ClO = 680 pF 
fo 
27 
28.5 
30 
kHz 
Temperature coefficient 
of 
the frequency 
df/dT 
- 
100 
- 
10-6/K 


parameter 
conditions 
symbol 
min. 
typo 
max. 
unit 


Synchronization 


Minimum 
synchronization 


II 


pulse width 
t11 
- 
- 
0.5 
J.LS 


Switching threshold 
V11 
0.7 
0.85 
0.9 
V 


Input current 
111 
2.5 
5.0 
7.5 
J.LA 


Disabling threshold 
V 11 
4.2 
I ~6 


6.0 
Iv 


Input voltage 
at -700J.LA 
V11 
390 
550 
Imv 
I 


I 


Demagnetization 
input 
I 
I 


I 
Pin voltage 
at OA 
V3 
- 


1690 
1- 
mV 


I 


Input current 
at 0 V 
13 
-30 
-40 
1 -55 
J.LA 


Current range of clamp 
circuits 
13 
-10 
- 
+ 10 
mA 


Clamp level positive 
at 10 mA 
V3 
- 


I 


950 
- 
mV 


Clamp level negative 
at -10 
mA 
V3 
- 


I 


-800 
- 
mV 


Current protection 


Input current 
note 1 
113 
16/5.7 
16/6 
16/6.3 
mA 
I 


First threshold 
V13 
190 
200 
210 
mV 


Second threshold 
V13 
-10 
0 
10 
mV 


Delay to switch output 
via 
pulse at pin 13 


I 


level 1 
from 300 mV to 


I 


100 mV; 
10 = 500 mA 
- 
- 
350 
- 
ns 


Delay to switch output 
via 
pulse at pin 13 
level 2 
from 300 mV to 
-200 
mV; 
10 = 500 mA 
- 
- 
300 
500 
ns 


First threshold 
including 
R13 (12 kn) 
R6 = 5 kn 
- 
- 
-800 
- 
mV 


Threshold for open pin 
detection 
V13 
- 
3.5 
- 
V 


Note to the characteristics 


1. Over the current range of 16; 200 to 800 J.LA. 
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GENERAL 
DESCRIPTION 


The TEA 1039 is a bipolar integrated circuit intended for the control of a switched-mode power supply. 
Together with an external error amplifier and a voltage regulator (e.g.a regulator diode) it forms a 
complete control system. The circuit is capable of directly driving the SMPSpower transistor in small 
SMPSsystems. 


It hasthe following features: 
• 
Suited for frequency and duty factor regulation. 


• 
Suited for flyback converters and forward converters. 


• 
Wide frequency range. 


• 
Adjustable input sensitivity. 
• 
Adjustable minimum frequency or maximum duty factor limit. 
• 
Adjustable overcurrent protection limit. 


• 
Supply voltage out-of-range protection. 
• 
Slow-start facility. 


Supply voltage 


Supply current 


Output pulse repetition frequency range 


Output current LOW 


Operating ambient temperature range 


Vee 
Ice 
fo 


IOL 


Tamb 


nom. 
14 V 


max. 
13 mA 


1 Hz to 100 kHz 


max. 
1 A 


-25 to + 125 0e 
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PINNING 


1 
CM 


2 
L1M 


3 
FB 


4 
RX 


5 
CX 


6 
M 


7 
VEE 
8 
Q 


9 
VCC 


o 


eM LlM 
FB 
RX 
ex 
M 
VEE 
Q 
Vee 


7Z85672 


overeurrent protection 
input 


limit setting input 


feedback input 


external resistor connection 


external capacitor connection 


mode input 


output 


positive supply connection 


FUNCTIONAL 
DESCRIPTION 


The TEA 1039 produces pulses to drive the transistor in a switched-mode 
power supply. These pulses 
may be varied either in frequency 
(frequency regulation mode) or in width 
(duty factor regulation 
model. 


The usual arrangement is such that the transistor in the SMPS is ON when the output 
of the TEA 1039 
is HIGH, i.e. when the open-collector 
output transistor is OF F. The duty factor of the SMPS is the time 
that the output 
of the TEA 1039 is HIGH divided by the pulse repetition 
time. 


Supply VCC (pin 9) 


The circuit 
is usually supplied from the SMPS that it regulates. It may be supplied either from its 
primary d.c. voltage or from its output 
voltage. In the latter casean auxiliary 
starting supply is 
necessary. 


The circuit 
has an internal VCC out-of-range protection. 
In the frequency 
regulation mode the oscillator 
is stopped; in the duty factor regulation mode the duty factor is made zero. When the supply voltage 
returns within 
its range, the circuit 
is started with the slow-start procedure. 


When the circuit 
is supplied from the SMPS itself, the out-of-range 
protection 
also provides an 
effective protection 
against any interruption 
in the feedback loop. 


Mode input M (pin 6) 


The circuit 
works in the frequency regulation mode when the mode input M is connected to ground 
(VEE, pin 7). In this mode the circuit 
produces output 
pulses of a constant width but with a variable 
pulse repetition 
time. 


The circuit 
works in the duty factor regulation mode when the mode input M is left open. In this mode 
the circuit 
produces output 
pulses with a variable width 
but with a constant pulse repetition 
time. 


FUNCTIONAL 
DESCRIPTION 
(continued) 


Oscillator 
resistor and capacitor 
connections 
RX and CX (pins 4 and 5) 


The output 
pulse repetition 
frequency 
is set by an oscillator 
whose frequency 
is determined 
by an 
external 
capacitor 
C5 connected 
between the CX connection 
(pin 5) and ground 
(VEE, 
pin 7), and an 
external 
resistor 
R4 connected 
between 
the RX connection 
(pin 4) and ground. 
The capacitor 
C5 is 
charged by an internal 
current 
source, whose current 
level is determined 
by the resistor 
R4. In the 
frequency 
regulation 
mode these two external 
components 
determine 
the minimum 
frequency; 
in the 
duty 
factor 
regulation 
mode they determine 
the working 
frequency 
(see Fig. 4). The output 
pulse 
repetition 
frequency 
varies less than 
1% with 
the supply 
voltage over the supply 
voltage 
range. 


In the frequency 
regulation 
mode the output 
is LOW from 
the start of the cycle until 
the voltage on 
the capacitor 
reaches 2 V. The capacitor 
is further 
charged until 
its voltage 
reaches the voltage on either 
the fee.dback input 
FB or the limit 
setting 
input 
L1M, provided 
it has exceeded 
2,2 V. 
As soon as the 
capacitor 
voltage 
reaches 5,9 V the capacitor 
is discharged 
rapidly 
to 1,3 V and a new cycle is initiated 
(see Figs 5 and 6). 


For voltages on the FB and L1M inputs 
lower than 2,2 V, the capacitor 
is charged until 
this voltage 
is 
reached; this sets an internal 
maximum 
frequency 
limit. 


In the duty 
factor 
regulation 
mode the capacitor 
is charged from 
1,3 V to 5,9 V and discharged 
again at 
a constant 
rate. The output 
is HIGH 
until 
the voltage on the capacitor 
exceeds the voltage 
on the 
feedback 
input 
FB; it becomes HIGH 
again after discharge of the capacitor 
(see Figs 7 and 8). An 
internal 
maximum 
limit 
is set to the duty 
factor 
of the SMPS by the discharging 
time of the capacitor. 


Feedback 
input 
FB (pin 3) 


The feedback 
input 
compares 
the input 
current 
with 
an internal 
current 
source whose current 
level is 
set by the external 
resistor 
R4. In the frequency 
regulation 
mode, the higher the voltage on the FB input, 
the longer the external 
capacitor 
C5 is charged, and the lower the frequency 
wi II be. In the duty 
factor 
regulation 
mode external 
capacitor 
C5 is charged and discharged 
at a constant 
rate, the voltage on the 
FB input 
now determines 
the moment 
that the output 
will 
become 
LOW. The higher the voltage 
on 
the FB input, 
the longer the output 
remains HIGH, 
and the higher 
the duty 
factor 
of the SMPS. 


Limit 
setting 
input 
L1M (pin 2) 


In the frequency 
regulation 
mode this input 
sets the minimum 
frequency, 
in the duty 
factor 
regulation 
mode it sets the maximum 
duty 
factor 
of the SMPS. The limit 
is set by an external 
resistor 
R2 
connected 
from 
the LIM 
input 
to ground 
(pin 7) and by an internal 
current 
source, whose current 
level 
is determined 
by external 
resistor 
R4. 


A slow-start 
procedure 
is obtained 
by connecting 
a capacitor 
between 
the LIM 
input 
and ground. 
In the 
frequency 
regulation 
mode the frequency 
slowly 
decreases from 
fmax 
to the working 
frequency. 
In the 
duty 
factor 
regulation 
mode the duty 
factor 
slowly 
increases from 
zero to the working 
duty 
factor. 


Overcurrent 
protection 
input 
CM (pin 
1) 


A voltage 
on the CM input 
exceeding 
0,37 V causes an immediate 
termination 
of the output 
pulse. In 
the duty 
factor 
regulation 
mode the circuit 
starts again with 
the slow-start 
procedure. 


Output 
Q (pin 8) 


The output 
is an open-collector 
n-p-n transistor, 
only capable of sinking 
current. 
It requires 
an external 
resistor to drive an n-p-n transistor 
in the SMPS (see Figs 9 and 10). 


The output 
is protected 
by two diodes, one to ground 
and one to the supply. 


At high output 
currents 
the dissipation 
in the output 
transistor 
may necessitate a heatsink. 
See the 
power derating 
curve (Fig. 3). 
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Limiting valuesin accordancewith the Absolute Maximum System (lEe 134) 


Supply voltage range,voltage source 
vee 


Supply current range,current source 
'ee 


Input voltage range,all inputs 
V I 


Input current range,all inputs 
II 


Output voltage range 
V8-7 


Output current range 
output transistor ON 


output transistor OFF 


Storagetemperature range 


Operating ambient temperature range(seeFig. 3) 


Powerdissipation (seeFig. 3) 


18 


18 


Tstg 


Tamb 
Ptot 


75 
100 


Tamb 
(OCI 


-0,3 to 
+20 
V 


-30 to 
+30 
mA 


-0,3 to 
+6 
V 


-5 to 
+5 
mA 


-0,3 
to 
+20 V 


o to 
1 A 


-100 
to + 50 mA 


-55 
to + 150 °e 


-25 
to + 125 °e 


max. 
2 W 


CHARACTERISTICS 


Vce = 14 v; Tamb = 25 oe unlessotherwise specified 


symbol 
min. 
typo 
max. 
unit 


Supply Vec 
(pin 9) 


Supply voltage, operating 
Vee 
11 
14 
20 
V 


Supply current 
at Vee = 11 V 
Ice 
- 
7,5 
11 
mA 


at Vee = 20 V 
'ce 
- 
9 
12 
mA 


variation with temperature 
to1ee/lee 
-0,3 
%/K 
- 
- 
toT 
Supply voltage, internally limited 
I 


at1ee=30mA 
Vee 
23,5 
- 
28,5 
V 


variation with temperature 
toVee/to T 
- 
18 
- 
mV/K 


Low supply threshold voltage 
Veemin 
9 
10 
11 
V 


variation with temperature 
toVee/toT 
- 
-5 
- 
mV/K 


High supply threshold voltage 
Veemax 
21 
23 
24,6 
V 


variation with temperature 
toVee/toT 
- 
10 
- 
mV/K 


Feedback input FB (pin 3) 


! 


Input voltage for duty factor = 0; 


I 


M input open 
V3-7 
0 
- 
0,3 
V 


Internal reference current 
-IFB 
- 
O,51RX - 
mA 


i 
Internal resistor Rg 
Rg 
130 
kn 
- 
- 


Limit setting input L1M (pin 2) 


Threshold voltage 
V2-7 
- 
1 
- 
V 


Internal reference current 
-IUM 
- 
0,251RX 
- 
mA 


Overcurrent protection input CM (pin 1) 


Threshold voltage 
V1-7 
300 
370 
420 
mV 


variation with temperature 
toV1-7/toT 
- 
0,2 
- 
mV/K 


Propagation delay, eM input to output 
tpHL 
- 
500 
- 
ns 


symbol 
min. 
typo 
max. 
unit 


Oscillator connections RX and ex (pins 4 
and 5) 


Voltage at RX connection 
at -14 = 0,15 to 1 mA 
V4-7 
6,2 
7,2 
a,1 
V 


variation with temperature 
tN4_7/AT 
- 
2,1 
- 
mV/K 


Lower sawtooth level 
VLS 
- 
1,3 
- 
V 


Threshold voltage for output H to L 
transition in F mode 
VFT 
- 
2 
- 
V 


Threshold voltage for maximum 
frequency in F mode 
VFM 
- 
2,2 
- 
V 


Higher sawtooth level 
VHS 
- 
5,9 
- 
V 


Internal capacitor charging current, 
ex connection 
-lex 
- 
0,251RX 
- 
mA 


Oscillator frequency (output pulse 
repetition frequency) 
fo 
1 
- 
105 
Hz 


Minimum frequency in F mode, 
initial deviation 
Af/f 
-10 
- 
10 
% 


variation with temperature 
Af/f 
0,034 
%/K 
AT 
- 
- 


Maximum frequency in F mode, 
initial deviation 
Af/f 
-20 
- 
+20 
% 


variation with temperature 
Af/f 
-0,16 
%/K 
AT 
- 
- 


Output LOW time in F mode, 
initial deviation 
At/t 
-25 
- 
'+25 
% 


variation with temperature 
At/t 
0,2 
%/K 
AT 
- 
- 


Pulse repetition frequency in D mode, 
initial deviation 
Af/f 
-10 
- 
10 
% 


variation with temperature 
Af/f 
0,034 
%/K 
AT 
- 
- 


Minimum output LOW time in D mode 
at e5 = 3,6 nF 
tOLmin 
- 
1 
- 
/.lS 


variation with temperature 
At/t 
0,2 
%/K 
AT" 
- 
- 


Output Q (pin a) 


Output voltage LOW at la = 100 mA 
Va-7 
- 
o,a 
1,2 
V 


variation with temperature 
AVa_7/AT 
- 
1,5 
- 
mV/K 


Output voltage LOW at la = 1 A 
Va-7 
- 
1,7 
2,1 
V 


variation with temperature 
AVa_7/AT 
- 
-1,4 
- 
mV/K 
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1,2 nF 
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Fig, 4 Minimum pulse repetition frequency in the frequency regulation mode, and working pulse 
repetition frequency in the duty factor regulation mode, asa function of external resistor R4 connected 
between RX and ground with external capacitor C5 connected between CX and ground asa parameter. 
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Fig,5 
Timing diagram for the frequency regulation mode showing the voltage on external capacitor 
C5 connected between CX and ground and the output voltage asa function of time for three com- 
binations of input signals,a: The voltages on inputs FB or L1Mare between 2,2 V and 5,9 V, The 
circuit is in its normal regulation mode, b: The voltage on input FB or input LIM is lower than 2,2 V. 
The circuit works at its maximum frequency. c: The voltages on inputs FBand LI M are higher than 
5,9 V. The circuit works at its minimum frequency. 
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Fig. 6 Minimum output pulse repetition time Tmin (curvesa) and minimum 
output LOW time 
tOLmin (curvesb) in the frequency regulation mode asa function of external resistor R4 connected 
between RX and ground with external capacitor C5 connected bet'l)/eenCX and ground asa parameter. 
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Fig,7 
Timing diagram for the duty factor regulation mode showing the voltage on external capacitor 


C5 connected between CX and ground and the output voltage asa function of time for two combina- 
tions of input signals.a: The voltages on inputs FB or L1M are below 5,9 V. The circuit is in its normal 
regulation range.b: The voltages on inputs FB and L1M are higher than 5,9 V. The circuit produces its 
minimum output LOW time, giving the maximum duty factor of the SMPS. 
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Fig.8 
Minimum output LOW time tOLmin in the duty factor regulation mode asa function of external 
capacitor C5 connected between CX and ground. In this mode the minimum output LOW time is 
independent of R4 for values of R4 between 4 kn and 80 kn. 
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Typical 
application 
of the TEA 1039 
in a variable-frequency 
flyback 
converter 


switched-mode 
power supply. 
An optocoupler 
CNX62 
is used for voltage separation. 
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Fig. 10 
Typical 
application 
of the TEA1039 
in a fixed·frequency. 
variable duty 
factor 
forward 


converter 
switched-mode 
power supply. 
An optocoupler 
CNX62 
is used for voltage separation. 
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DESCRIPTION 
The NEiSA/SE5570 
is a three-phase 
brush less DC motor controller with a 
microprocessor-compatible 
serial input data 
port; 8-bit monotonic digital-to-analog 
converter; 
PWM comparator; 
oscillator; three 
Hall sensor inputs and six source/sink 
phase 
pre-drivers. 


FEATURES 


·8-bitDAC 


• Serial-to-parallel 
converter 


• Output pre-drivers 


• Entire switch mode conversion 


• Adaptable 
to 60° or 120° commutation 


• Overcurrent 
protection 


APPLICATIONS 


• Motor controller for three-phase 
brush less 


DC motor 


• Robotics 


• Computer peripherals 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


24-Pin Plastic 
o to +70°C 
NE5570N 


24-Pin SOL 
o to +70°C 
NE5570D 


24-Pin Plastic 
-40°C to +85°C 
SA5570N 


24-Pin SOL 
-40°C to +85°C 
SA5570D 


DATA 
1 


CLOCK 
2 


t:E 3 


1lES"ET 
4 


DAC REFIN 
5 


OSCOUT 
6 


RtiCt 
7 


INV 


NON-INV 


24 
VDD 


PHASE1H 


PHASEIL 


PHASE2H 


PHASE2L 


PHASE3H 


PHASE3L 


HSI 


HS2 


HS3 
CURRENT 
SENSE 


GND 


24 
---0 
VOO 


HS3 
HS2 
HS1 
13 
---0 
GNO 
15 
16 
17 


PHASE 1H 


PHASE 1L 


0 
PHASE2H 


(;0 
-J 


W00 
PHASE2L 
0 
w0 


BRAKE ENABLE 


LOCK 
PHASE3H 
ENABLE 


CYCLE CMO 


18 
PHASE3L 


-~NONINV 


~10~11 


FOBK 
INV 


SYMBOL 
PARAMETER 
RATING 
UNIT 


NE5570 
SA5570 
SE5570 


Temperature range 


TA 
Operating ambient 
o to 70 
-40 to 85 
-55 to 125 
DC 


TJ 
Operating junction 
-55 to 150 
-55 to 150 
-55 to 150 
DC 


TSTG 
Storage 
-65 to 150 
-65 to 150 
-65 to 150 
DC 


VDD 
Power supply 
16 
16 
16 
V 


Logic inputs, all 
-0.3 to 15 
-0.3 to 15 
-0.3 to 15 
V 


SYMBOL 
PARAMETER 
RATING 
UNIT 


TA 
Ambient temperature 
range 


NE Grade 
o to 70 
°C 


SA Grade 
-40 to 85 
°C 


SE Grade 
-55 to 125 
°C 


TJ 
Junction temperature 
range 


NE Grade 
o to 90 
°C 


SA Grade 
-40 to 105 
°C 


SE Grade 
-55 to 145 
°C 


Voo 
Supply voltage 
9.6 to 14.4 
V 


DC ELECTRICAL CHARACTERISTICS 
Limits apply at Voo=12V ±10%, VREF=5V and over operating temperature 
range unless otherwise 
specified. Typical data applies at TA=25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
SAlNE5570 
SE5570 
I 
UNIT 
I Min 
Typ 
Max 
Min 
Typ 
I Max I 


Oscillator 


fo 
Frequency initial accuracy 
TA=25°C, RT=2.49k.Q, Cr=22nF 
18.5 
20 
21 
18.5 
20 
21 
kHz 


fc 
Frequency drift over temp 
Rr=2.49k.Q, CT=22nF 
18 
22 
18 
22 
kHz 


Supply voltage sensitivity 
TA=25°C 
±2 
±2 
%/V 


Output pulse width 
TA=25°C, RT=2.49kQ, CT=22nF 
500 
1000 
500 
1000 
ns 


Motor 
Phase 
Pre-Drivers 


tR 
Rise time 
RL=2kQ to Gnd, CL=2nF 
500 
500 
ns 
[1Vto 
11Vl 


tF 
Fall time 
RL=2kQ to Vcc, CL=2nF 
500 
500 
[1Vto 
11Vj 
ns 


lOUT 
ISOURCE 
Vow8V 
80 
80 
mA 
ISINK 


VoL=3.1V 
80 
80 
mA 


VOH 
ISOURCE=5mA 
11 
11.8 
11 
11.8 
V 


VOUT 
ISOURCE=80mA(over temp) 
8 
10 
8 
10 
V 


VOL 
ISINK=5mA 
0.4 
1 
0.4 
1 
V 


ISINK=80mA (over temp) 
2 
3.1 
2 
3.1 
V 


PWM 
Comparator 


ISlAS 
I Input bias current 
1 
I 
I 
1 
f'A 


Current 
Sense 
Comparator 


ISlAS 
Input bias current 
1 
I 
1 
f'A 
VTH 
Current sense trip level 
350 
500 
600 
350 
500 
600 
mV 


tpo 
Propagation 
delay to output 
CL=2nF 
250 
250 
drivers 
ns 


Error 
Amplifier 


ISlAS 
Input bias current 
1 
1 
f'A 


VCM 


Input common-mode 
voltage 


0 
5 
0 
range 
5 
V 


VOL 
Large-signal 
voltage gain 
VouT=1Vto 
11V 
70 
90 
70 
90 
dB 
PSRR 
Power supply rejection ratio 
60 
60 
dB 


Vo 
Output voltage swin9 
VIN-+50mV, IL--150f'A 
11.5 
11.7 
11.5 
11.7 
V 


VIN=-50mV,IL=+150j.lA 
0.2 
0.5 
0.2 
0.5 
V 


DC ELECTRICAL 
CHARACTERISTICS 


(Continued) 
Limits apply at VDD=12V + 10%, VREF=5V and over operating temperature 
range unless otherwise specified. Typical data applies at 
TA=25°C. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
SAlNE5570 
SE5570 
I 
UNIT 
I Min I Typ 
Max 
Min 
Typ 
Max I 


Operational 
Amplifier 


Vas 
Offset voltage 
-20 
3 
+20 
-20 
3 
+20 
mV 


ISlAS 
Input bias current 
1 
1 
J.1A 


VCM 
80lnput common-mode 
voltage 
TA=25°C 
-0.3 
5 
-0.3 
5 
V 
range 
Over temp. 
0 
5 
0 
5 


VOL 
Large signal voltage gain 
Vour=1V 
to 11V 
70 
90 
70 
90 
dB 


PSRR 
Power supply rejection ratio 
60 
90 
60 
90 
dB 


Va 
Output voltage swing 
VIN=+50mV,IL=-150J.1A 
11.5 
11.7 
11.5 
11.7 
V 
VIN=-50mV,IL=+150J.1A 
0.2 
0.5 
0.2 
0.5 
V 


CMRR 
<80>Common-mode 
rejection 
Rs=10kn 
60 
80 
60 
80 
dB 
ratio 


GBW 
Gain bandwidth 
RF=100k.Q 
250 
250 
kHz 


VNN 
Input noise voltage 
F=1kHz 
nV/,)Hz 


Dlgltal-to-Analog 
Converter 


Resolution 
8 
8 
bits 


INL 
Integral non-linearity 
error 
±1 
±2 
±1 
±2 
LSB 


DNL 
<80>Differential 
non-linearity 
±0.5 
±1 
±a.5 
±1 
LSB 
error' 


VFS 
Full-scale gain error 
Error amp. Av=1 
+0.2 
+0.8 
±a.2 
+0.8 
%FS 


Full-scale temperature 
drift 
VREFTc=Oppm/oC 
20 
20 
ppm/oC 


Vzs 
Zero-scale offset error 
Error amp. Av=1 
+1 
+2 
+1 
+2 
LSB 


ZIN 
Input impedance 


30 
45 
60 
30 
45 
60 
k.Q 
(DAC ref. in) 


ts 
Settling time to ±a.5 LSB 
5 
5 
fls 


tpLH 
80Propagation 
delay time 
Through DAC 
200 
200 
(high) 
ns 


tpHL 
80Propagation 
delay time '(Iow) 
Through DAC 
200 
200 
ns 


Logic 
Inputs 


VIH 
Input voltage: TIL 
high 
2.0 
12 
2.0 
12 
V 


VIL 
Input voltage: TIL 
low 
0 
0.8 
0 
0.8 
V 


IIH 
Input current: TTL high 
+1 
+1 
J.1A 


IlL 
Input current: TTL low 
+1 
+1 
J.1A 


Supply 
Current 


100 
I 
1.8 
5.0 
1.8 I 
5.0 
I 
mA 
NOTES: 
1. 
Monotonicity 
guaranteed 
over operating temperature 
range. 


NE5570 Oscillator 
Frequency 
Oscillator 
Frequency 
NE5570 Oscillator 
Frequency 


vs Temperature 
vs RTand 
CT 
vs Supply 
Voltage 
22.0 
'0' 
5.000 
I 
I 
I 
I 


21.5 
VCC=12V 
- - 
TA = ('C) 
V RT=5k 
I ••••. 
100 
RT=3k 


21.0 
....•.• 
.'-"'"~VV RT=2.49 


~ 
,"'K~ 


/ 
RT=2k 
20.5 
10-1 


> 
~ 
I- ..•.... 
"' 
>r:",",~ 


~~'~ 


IT~_ 
() 
20.0 
i£ 
RT=10kX~ 
<.5000 
z 


" 


r-- 
~ 
Idiv 
w 
- 
::> 
S 
10-2 
.9 
- 


•... 


TA = +2SoC 
_ 
a 
19.5 
RT= 20k 
/~ 
'" 
w 
L 
:,.-,-, 
a: 
RT= lOOK 
... 


I 
19.0 
10-3 
- 
18.5 
TA = +12S0C 


18.0 
10-4 
.סס oo 
I I I 


-60~O 
-20 
0 
20 40 
60 80 100 120 
10-2 
10-1 
100 
'0' 
102 
103 
9.000 
Vl 
.6000/div 
(V) 
15.00 


TEMP('C) 
OSCILLATORFREQUENCY(kHz) 
VCc= (V) 


NE5570 Current 
Sense 


NE5570 Oscillator 
Output 
NE5570 Op Amp 
Gain 
Comparator 
Threshold 
Pulse 
Width 
vs Temperature 
vs Temperature 
2000 
I 
100 
_ 
600 
I 
I I 
1900 
I VCC='2V 
- 
vcc=±Sv 
>.s 


vcc= 
12V 
>' 1900 
I 
80 
9500 


E 
0 
;; 
1700 
:x: 


" 
...- 
ON 
iii 
~ 
400 
~ 
1600 
~ 
a: 
- 
60 
:x: 
is 
z 
.. 


> 1500 - 


;;;: 
lJl300 
9 


OFF 
" 
z 
1400 
40 
w 
0 
- 
l"- 


ll) 
:x: 1300 
•• 200 
lI) 
z 
w 
w 
a: 
1200 
20 
a: 
:x: 
a: 
.. 


::> 100 


1100 
() 


1000 
0 
0 


-60 -40 -20 
0204060 
80100120 
-60 -40-20 
0 
20 
40 
60 
80100120 
-60-40-20 
0 
20 40 
60 80100120 


TEMP('C) 
TEMP('C) 
TEMP('C) 


NE5570 Logic 
Threshold 


Icc vs Vcc 
Voltage 
va Temperature 


15 
I 
900 
I I 
I 
\\ \\ 
14 
TA=2SoC 
_ 
700 
VCC= 12V 


~ 13 
\\\\ 


w 
\\\\ 
l 
600 
" 
~ 
'" 
:x: 
14 
~ 12 
.. 


0 
\\ \\ 


0 
500 
> 
~ 
.....-:: F' 
V 
~ 
w 
...• 


Q. 
11 
lI) 
400 
Q. 
\\ 


-I 
:;::/ 
::> 
::> 
~ 


lI) 
Q. 


10 
300~ 
\ \ 
... 


9 
200 
18 
19 
20 
21 
22 
_-20 
0 
204060 
80100120 


FREQUENCY(kHz) 
TEMP('C) 


Product specification 


• 
Full-wave 
commutation 
(using 
push/pull 
drivers 
at the output 
stages) 
without 
position sensors 


• 
Built-in start-up 
circuitry 


• Three push-pull 
outputs: 


- 0.85 A output current 
- low saturation 
voltage 
- built-in current 
limiter 
- soft-switching 
outputs 


• Thermal 
protection 


• 
Flyback diodes 


• Tacho output without 
extra sensor 


• 
Position 
pulse stage for 
phase-locked-loop 
control 


• Transconductance 
amplifier 
for 
an external 
control transistor 


• General 
purpose 
spindle driver 
(e.g. HDD, drum motor) 


DESCRIPTION 


The TDA5140A 
is a bipolar 
integrated 
circuit used to drive 
brushless 
DC motors 
in full-wave 
mode. The device senses the rotor 
position 
using an EMF-sensing 
technique 
and is ideally suited as a 
drive circuit for a hard disk drive 
motor. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
range; note 1 
4 
- 
18 
V 


Ip 
supply current range; note 2 
- 
3.7 
5 
mA 


VVMOT 
input voltage to the output 
1.7 
- 
16 
V 
driver stages 


Vo 
driver output voltage 
range; 
0.2 
- 
VVMOT 
V 


10 = 0 mA 
- 0.9 
ILiM 
current 
limiting 
0.6 
0.85 
1 
A 


Notes to the quick reference 
data 


1. An unstabilized 
supply can be used. 


2. VVMOT = Vp; +AMP IN and -AMP 
IN at 0 V; all outputs 
10 = 0 mA. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA5140A 
18 
DIL 
plastic 
SOT102 


TDA5140AT 
20 
SOL 
plastic 
SOT163A 


-AMP 
IN 
13 


+AMP 
IN 
14 


11 
CAP-ST 


CAP-DC 
10 


9 
CAP-CD 


TEST 


CAP-T1 


PG/FG 


TRANS- 


CONDUCT ANCE 


AMPLIFIER 


COMMUT ATION 


LOGIC 


SYMBOL 
PIN DIL1B 
PIN S020 
DESCRIPTION 


MOT1 
1 
1 
driver output 
1 


TEST 
2 
2 
test input'output 


n.c. 
3 
not connected 


MOT2 
3 
4 
driver output 2 


VMOT 
4 
5 
input voltage 
for the output driver stages 


PGIN 
5 
6 
position 
generator: 
input from the position detector 
sensor to the 
position 
detector 
stage (optional); 
only if an external 
position 
coil is used 


PG/FG 
6 
7 
position 
generator/frequency 
generator: 
output of the rotation 
speed 
and position detector 
stages (open collector 
digital output, 
negative-going 
edge is valid) 


GND2 
7 
8 
ground supply return for control circuits 


Vp 
8 
9 
positive 
supply voltage 


CAP-CD 
9 
10 
external capacitor 
connection 
for adaptive 
communication 
delay timing 


CAP-DC 
10 
11 
external capacitor 
connection 
for adaptive 
communication 
delay timing 
copy 


CAP-ST 
11 
12 
external capacitor 
connection 
for start-up 
oscillator 


CAP-TI 
12 
13 
external capacitor 
connection 
for timing 


+AMP IN 
13 
14 
non-inverting 
input of the transconductance 
amplifier 


-AMP 
IN 
14 
15 
inverting 
input of the transconductance 
amplifier 


AMP OUT 
15 
16 
transconductance 
amplifier 
output 
(open collector) 


MOT3 
16 
17 
driver output 3 


n.c. 
18 
not connected 


MOTO 
17 
19 
input from the star point of the motor coils 


GND1 
18 
20 
ground 
(0 V) motor supply return for output stages 


FUNCTIONAL 
DESCRIPTION 


The TDA5140A 
offers a sensorless 
three phase motor drive function. 
It 
is unique 
in its combination 
of 
sensorless 
motor drive and full-wave 
drive. The TDA5140A 
offers 
protected 
outputs 
capable 
of 
handling 
high currents 
and can be 
used with star or delta connected 
motors. 
It can easily be adapted 
for 
different 
motors and applications. 
The TDA5140A 
offers the following 
features: 


• Sensorless 
commutation 
by 
using the motor EMF 


• 
Built-in start-up 
circuit 


• Optimum 
commutation, 
independent 
of motor type or 
motor loading 


• 
Built-in fly back diodes 


• Three phase full-wave 
drive 


• 
High output current 
(0.85 A) 


• Outputs 
protected 
by current 
limiting and thermal 
protection 
of 
each output transistor 


• 
Low current consumption 
by 
adaptive 
base-drive 


• Soft-switching 
pulse output for 
low radiation 


• Accurate 
frequency 
generator 
(FG) by using the motor EMF 


• Amplifier 
for external 
position 
generator 
(PG) signal 


• 
Suitable 
for use with a wide 
tolerance, 
external 
PG sensor 


• 
Built-in multiplexer 
that combines 
the internal 
FG and external 
PG 
signals on one pin for easy use 
with a controlling 
microprocessor 


• 
Uncommitted 
operational 
transconductance 
amplifier 
(OTA), with a high output current, 
for use as a control 
amplifier 
or 
as a level shifter in a Switched 
Mode Power Supply 
(SMPS) drive 


MOTl 
20 
GND1 


MOTl 
18 
GND1 
TEST 
19 
MOTO 


TEST 
2 
17 
MOTO 
n.C. 
3 
18 
n.C. 


MOT2 
3 
16 
MOn 
MOT2 
4 
17 
MOn 


VMOT 
4 
15 
AMP OUT 
VMOT 
5 
16 
AMP OUT 


TDA5140AT 
PG IN 
5 
TDA5140A 
14 
-AMP 
IN 
GND3 
6 
15 
-AMP 
IN 


PG/FG 
6 
13 
+AMP 
IN 
FG 
7 
14 
+AMP 
IN 


GND2 
7 
12 
CAP-TI 
GND2 
8 
13 
CAP-TI 


Vp 
8 
11 
CAP-ST 
Vp 
9 
12 
CAP-ST 


CAP-CD 
9 
10 
CAP-DC 
CAP-CD 
10 
11 
CAP-DC 


MKA 137 
MKA'90 


LIMITING VALUES 
HANDLING 


In accordance 
with the Absolute 
Maximum 
Rating System 
(IEC 134) 
Every pin withstands 
the ESD test 
according 
to MIL·STD-883C 
class 2. 


Method 3015 (HBM 1500 n, 100 pF) 
3 pulses + and 3 pulses - on each 
pin referenced 
to ground. 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vp 
positive 
supply voltage 
- 
18 
V 


VI 
input voltage; 
all pins except 
-D.3 
Vp + 0.5 
V 
VMOT: VI < 18 V 


VW.OT 
VMOT 
input voltage 
-0.5 
17 
V 


Vo 
output 
voltage AMP OUT and 
GND 
Vp 
V 
PG/FG 


Vo 
output voltage 
MOTO, MOT1, 
-1 
VVMOT+ VD 
V 
MOT2 and MOT3 


VI 
input voltage 
CAP·ST, CAP·TI, 
- 
2.5 
V 
CAp·CD 
and CAp· DC 


TslO 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
0 
+70 
°C 
range 


Plot 
total power dissipation 
- 
see Figs 4 
and 5 


Ves 
electrostatic 
voltage; 
see also 
- 
500 
V 
handling 


\\\\ 
1\ 


3 


PIal 
(W) 


PIal 
3 


(W) 2.5 


~ ~ ~ 


"'- 


'" " 
50 
100 
150 
Tomb 
(oe) 


50 
100 
150 


Tomb 
(0e) 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Vp 
supply voltage 
range 
note 1 
4 
- 
18 
V 


Ip 
supply current 
range 
note 2 
- 
3.7 
5 
mA 


VVMOT 
input voltage 
to the driver output 
see Fig.1 
1.7 
- 
16 
V 


stages 


Thermal 
protection 


TSD 
local temperature 
at 
130 
140 
150 
°C 
temperature 
sensor causing 
shut-down 


6T 
reduction 
in temperature 
before 
after shut-down 
- 
TSD 
- 30 
- 
K 


switch-on 


MOTO - centre tape 


VI 
input voltage 
range 
-0.5 
- 
VVMOT 
V 


II 
input bias current 
0.5 V < VI < 
-10 
- 
0 
IlA 
VVMOT-1.5 
V 


Vcsw 
comparator 
switching 
level 
note 3 
±20 
±30 
±40 
mV 


6Vcsw 
variation 
in comparator 
-3 
0 
+3 
mV 
switching 
levels 


VH 
comparator 
input hysteresis 
- 
75 
- 
IlV 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


MOn, 
MOT2 and MOT3 


Vo 
driver output voltage 
range 
10 = 100 mA 
0.4 
- 
VVMOT- 
V 


1.2 


Voo 
drop-out 
voltage 
10 = 500 mA 
- 
2.1 
- 
V 


t!.Vrx 
variation 
in saturation 
voltage 
10 = 100 mA 
- 
- 
180 
mV 
between 
lower transistors 


t!.VQH 
variation 
in saturation 
voltage 
'0 =-100 
mA 
- 
- 
180 
mV 


between 
upper transistors 


ILiM 
current 
limiting 
lower transistor; 
0.6 
0.85 
1 
A 


VCE= 6 V 


1" 
transition 
time switching 
output 
VVMOT= 14.5 V; see 
5 
9 
15 
l!s 
Fig.6 


VOHF 
diode forward 
voltage 
(diode DH) 
10 = -500 
mA; notes 
- 
- 
1.5 
V 


4 and 5; see Fig.1 


VOLF 
diode forward 
voltage 
(diode DL) 
10 = 500 mA; notes 
-1.5 
- 
- 
V 
4 and 5; see Fig.1 


10M 
peak diode current 
note 5 
- 
- 
1 
A 


+AMP IN and -AMP IN 


VIAMP 
input voltage 
range 
-0.3 
- 
Vp-1.7 
V 


VIAMP 
differential 
mode voltage without 
- 
- 
±Vp 
V 
'latch-up' 


Is 
input bias current 
- 
- 
650 
nA 


C, 
input capacitance 
- 
4 
- 
pF 


VOFFSET 
input offset voltage 
- 
- 
10 
mV 


II 
output sink current 
40 
- 
- 
mA 


Vsa' 
saturation 
voltage 
I, = 40 mA 
- 
1.5 
2.1 
V 


VOmax 
maximum 
output voltage 
18 
- 
- 
V 


SR 
slew rate 
RL = 330 n; 
- 
60 
- 
mNl!S 
CL = 50 pF 


G" 
transfer 
gain 
0.3 
- 
- 
S 


PGIN 


VI 
input voltage 
-0.3 
- 
5 
IV 


Is 
input bias current 
- 
- 
650 
nA 


R, 
input resistance 
5 
- 
30 
kn 


Vcws 
comparator 
switching 
level 
86 
- 
107 
mV 


VH 
comparator 
input hysteresis 
- 
±8 
- 
mV 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


PGlFG 


VOL 
LOW level output voltage 
10=1.6mA 
- 
- 
0.4 
V 


VOHmax 
maximum 
HIGH level output 
Vp 
- 
- 
V 


voltage 


tTHL 
HIGH-ta-LOW 
transition 
time 
CL = 50 pF; 
- 
0.5 
- 
J.ls 


RL = 10 kn 


ratio of PG/FG frequency 
and 
- 
1 : 2 
- 


commutation 
frequency 


1) 
duty factor 
- 
50 
- 
% 


tpL 
pulse width LOW 
after a PG IN pulse 
5 
7 
18 
J.ls 


CAP-ST 


II 
output sink current 
1.5 
2.0 
2.5 
J.lA 


10 
output 
source current 
-2.5 
-2.0 
-1.5 
J.lA 


VSWL 
LOW level switching 
voltage 
- 
0.20 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAP-TI 


II 
output 
sink current 
- 
28 
- 
J.lA 


10H 
HIGH level output source current 
- 
-57 
- 
J.lA 


10L 
LOW level output source current 
- 
-5 
- 
J.lA 


VSWL 
LOW level switching 
voltage 
- 
50 
- 
mV 


VSWM 
MIDDLE 
level switching 
voltage 
- 
0.30 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAP-CD 


II 
ouput sink current 
10.6 
16.2 
22 
J.lA 


10 
output source current 
-5.3 
-8.1 
-11 
J.lA 


1/10 
ratio of sink to source current 
1.85 
2.05 
2.25 


V1L 
LOW level input voltage 
850 
875 
900 
mV 


V1H 
HIGH level input voltage 
2.3 
2.4 
2.55 
V 


CAP-DC 


II 
output sink current 
10.1 
15.5 
20.9 
J.lA 


10 
output source current 
-20.9 
-15.5 
-10.1 
J.lA 


1/10 
ratio of sink to source current 
0.9 
1.025 
U5 


1. An unstabilized 
supply can be used. 


2. VVMOT= Vp, all other inputs at 0 V; all outputs 
at Vp and 10= 0 mA. 


3. Switching 
levels with respect to MOT1, MOT2 and MOT3. 


4. Drivers are in the high-impedance 
OFF-state. 


5. The outputs 
are short-circuit 
protected 
by limiting the current 
and the IC temperature. 
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Introduction 
(see Fig.S) 


Full-wave 
driving of a three phase motor requires 
three push-pull 
output stages. 
In each of the six possible 
states two 
outputs 
are active, one sourcing 
and one sinking current. The third output presents 
a high impedance 
to the motor 


which enables 
measurement 
of the motor EMF in the corresponding 
motor coil by the EMF comparator 
at each output. 


The commutation 
logic is responsible 
for control 
of the output transistors 
and selection 
of the correct 
EMF comparator. 


The zero-crossing 
in the motor EMF (detected 
by the comparator 
selected 
by the commutation 
logic) is used to 
calculate 
the correct 
moment 
for the next commutation, 
that is, the change 
to the next output state. The delay is 
calculated 
(depending 
on the motor loading) 
by the adaptive 
commutation 
delay block. 


Because 
of high inductive 
loading the output stages contain flyback diodes. The output stages are also protected 
by a 
current 
limiting circuit and by thermal 
protection 
of the six output transistors. 


The zero-crossings 
can be used to provide 
speed information 
such as the tacho signal FG. A VCR scanner 
also 
requires 
a PG phase sensor. This circuit has an interface 
for a simple pick-up coil. A multiplexer 
circuit is also provided 
to combine 
the FG and PG signals 
in time. This digital signal, 
FGPG, is available 
at an open-collector 
output. 


The system will only function 
when the EMF voltage from the motor is present. 
Therefore, 
a start oscillator 
is provided 
that will generate 
commutation 
pulses when no zero-crossings 
in the motor voltage are available. 


A timing function 
is incorporated 
into the device for internal timing and for timing of the reverse rotation detection. 


The TDA5140A 
also contains 
an uncommitted 
transconductance 
amplifier 
(OTA) that can be used as a control 


amplifier. 
The output is capable 
of directly driving an external 
power transistor. 


The TDA5140A 
is designed 
for systems 
with low current consumption: 
use of 
12L logic, adaptive 
base drive for the 
output transistors 
(patented), 
possibility 
of using a pick-up coil without 
bias current. 
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ADJUSTMENTS 


The system 
has been designed 
in such a way that the tolerances 
of the application 
components 
are not critical. 


However, 
the approximate 
values of the following 
components 
must still be determined: 


• The start capacitor; 
this determines 
the frequency 
of the start oscillator 


• The two capacitors 
in the adaptive 
commutation 
delay circuit; these are important 
in determining 
the optimum 
moment 
for commutation, 
depending 
on the type and loading 
of the motor 


• The timing capacitor; 
this provides 
the system with its timing signals 


• Three external, 
damping 
RC-combinations 
that can be used to reduce HF interference 
and acoustic 
noise from the 


motor 


THE STARTCAPACITOR(CAP-ST) 


This capacitor 
determines 
the frequency 
of the start oscillator. 
It is charged 
and discharged, 
with a current of 2 JlA, 


from 0.05 V to 2.2 V and back to 0.05 V. The time taken to complete 
one cycle is given by: 


Islart = (2.15 x C) s (with C in JlF) 


The start oscillator 
is reset by a commutation 
pulse and so is only active when the system 
is in the start-up 
mode. A 
pulse from the start oscillator 
will cause the outputs to change 
to the next state (torque in the motor). 
If the movement 
of the motor generates 
enough 
EMF the TDA5140A 
will run the motor. If the amount 
of EMF generated 
is insufficient, 


then the motor will move one step only and will oscillate 
in its new position. 
The amplitude 
of the oscillation 
must 
decrease 
sufficiently 
before the arrival of the next start pulse, to prevent 
the pulse arriving 
during the wrong phase of 
the oscillation. 
The oscillation 
of the motor is given by: 


fose = 0.5/n x (K, x I X p/J)'f2 


where: 
K, = torque constant 
(N.m/A) 
I = current 
(A) 
p = number 
of magnetic 
pole-pairs 


J = inertia J (kg.m2) 


Example: J = 72 X 10-6 kg.m2, K = 25 X 10.3 N.m/A, p = 6 and I = 0.5 A; this gives fooc = 5 Hz. If the damping 
is high 
then a start frequency 
of 2 Hz can be chosen or t = 500 ms, thus C = 0.5/2 = 0.25 JlF, (choose 
220 nF). 


THE ADAPTIVECOMMUTATION 
DELAY(CAP-CD 
ANDCAP-DC) 


In this circuit capacitor 
CAP-CD 
is charged 
during one commutation 
period, with an interruption 
of the charging 
current 
during the diode pulse. During the next commutation 
period this capacitor 
(CAP-CD) 
is discharged 
at twice the 
charging 
current. 
The charging 
current 
is 8.1 JlA and the discharging 
current 
16.2 JlA; the voltage 
range is from 
0.9 to 2.2 V. The voltage 
must stay within this range at the lowest commutation 
frequency 
of interest, 
fc,: 


C = 8.1 x 10·6/f x 1.3 = 6231/fC1 
(C in nF) 


If the frequency 
is lower, then a constant 
commutation 
delay after the zero-crossing 
is generated 
by the discharge 
from 2.2 to 0.9 V at 16.2 JlA. 


maximum 
delay = (0.076 x C) ms (witch C in nF) 


Example: 
nominal 
commutation 
frequency 
= 900 Hz and the lowest usable frequency 
= 400 Hz, so: 


CAP-CD 
= 6231/400 
= 15.6 (choose 
18 nF) 


The other capacitor, 
CAP-DC, 
is used to repeat the same delay by charging 
and discharging 
with 20 JlA. The same 


value can be chosen 
as for CAP-CD. 
Figure 9 illustrates 
typical 
voltage waveforms. 


voltage 
on CAP-CD 


voltage 


on CAP-DC 


THE TIMING CAPACITOR (CAP-TI) 


Capacitor 
CAP-TI 
is used for timing the successive 
steps within one commutation 
period; these steps include some 
internal 
delays. 


The most important 
function 
is the watchdog 
time in which the motor EMF has to recover from a negative 
diode-pulse 


back to a positive 
EMF voltage 
(or vice versa). A watchdog 
timer is a guarding 
function 
that only becomes 
active when 


the expected 
event does not occur within a predetermined 
time. 


The EMF usually 
recovers 
within a short time if the motor is running 
normally 
«<ms). 
However, 
if the motor is 
motionless 
or rotating 
in the reverse 
direction, 
then the time can be longer (»ms). 


A watchdog 
time must be chosen 
so that it is long enough 
for a motor without 
EMF (still) and eddy currents 
that may 
stretch the voltage 
in a motor winding; 
however, 
it must be short enough to detect 
reverse 
rotation. 
If the watchdog 
time is made too long, then the motor may run in the wrong direction 
(with little torque). 


The capacitor 
is charged, 
with a current of 57 ~A, from 0.2 to 0.3 V. Above this level it is charged, 
with a current 
of 
5 ~A, up to 2.2 V only if the selected 
motor 
EMF remains 
in the wrong polarity (watchdog 
function). 
At the end, or, if 
the motor voltage 
becomes 
positive, 
the capacitor 
is discharged 
with a current of 28 ~A. The watchdog 
time is the time 
taken to charge the capacitor, 
with a current 
of 5 ~A, from 0.3 to 2.2 V. The value of CAP-TI 
is given by: 


C = 5 x 10-6 x t,,/1.9 = 2.63 tm(Cin nF; t in ms) 


Example: 
If after switching 
off, the voltage 
from a motor winding 
is reduced, 
in 3.5 ms, to within 20 mV (the offset of 
the EMF comparator). 
then the value of the required 
timing capacitor 
is given by: 


C = 2.63 x 3.5 = 9.2 (choose 
10 nF) 


Typical voltage 
waveforms 
are illustrated 
by Fig.1 O. 


voltoge 


on CAP-TI 


Note to Fig.10 


If the chosen 
value of CAP-TI 
is too small, then oscillations 
can occur in certain 
positions 
of a blocked 
rotor. If the 
chosen 
value is too large, then it is possible 
that the motor may run in the reverse direction 
(synchronously 
with little 
torque). 


Flyback 
pulses from the motor windings 
may cause HF interference 
and acoustic 
noise. The flyback pulses can be 
damped 
by RC-combinations 
in parallel with the motor windings. 
This reduces the HF interference; 
it also reduces the 
acoustic 
noise by several 
dB, depending 
on the motor construction. 


These damping 
components 
also have negative 
effects. They not only dissipate 
energy from the flyback 
pulses, but 
also contribute 
to the overall energy consumption. 
Other negative 
effects are discussed 
below. 


One negative 
effect is the distortion 
of the motor EMF sensed 
by the comparators 
in the TDA5140A. 
This distortion 
may influence 
the correct functioning 
of the TDA5140A, 
for example, 
an (damped) 
oscillation 
occurring 
after the 
winding 
has been switched 
off. This oscillation 
must be critically 
(or over critically) 
damped, 
so that: 


R2 x C = 4 x L (L = inductance 
of one coil, Rand 
C for damping) 


A second 
requirement 
is that the effect of the damping 
components 
must be negligible 
by the time that the 
zero-crossing 
of the EMF is expected. 
This is because 
the remainder 
of the step (due to RC components) 
causes 
shifting of the zero-crossing. 
For a critically 
damped 
combination 
the voltage can be calculated 
as a negative 
exponential 
with 
000 x 1. 


Example: 
Commutation 
frequency 
= 900 Hz, so t = 1100 ~s, the time taken from the end of the diode pulse to the 
zero-crossing 
of the EMF will be approximately 
t = 440 ~s. If a damping 
voltage 
from 9 V to 3 mV is required, 
then the 
reduction 
is 3000-fold, 
or e exp-8 = e exp --Wo x 1.This gives 
000 = 18180 rad/s. With L = 3 mH, C is found to be 
1.01 ~F (use 1 ~F) and R is found to be 109.1 il (use 100 il). 


A motor voltage 
of 7 V (peak-to-peak) 
at 150 Hz gives 3300 Vis, thus a 3 mV remainder 
shifts the zero-crossing 
1 ~s. 


Eddy currents 
will also contribue 
to this phase shift. A shift of 20 ~s corresponds 
with 0.18 degrees 
(mechanically) 
for a 
1500 rpm motor, or 0.1 mm on a VHS scanner 
drum. 


OTHER 
DESIGN 
ASPECTS 


There are other design 
aspects 
concerning 
the application 
of the TDA5140A 
besides the commutation 
function. 
They 
are: 


• 
Generation 
of the tacho signal FG 


• A built-in interface 
for a PG sensor 


• 
General 
purpose 
operational 
transconductance 
amplifier 
(OTA) 


• 
Possibilities 
of motor control 


• 
Reliability 


FG SIGNAL 


The FG signal is generated 
in the TDA5140A 
by using the zero-crossing 
of the motor EMF from the three motor 
windings. 
Every zero-crossing 
in a (star connected) 
motor winding 
is used to toggle the FG output signal. The FG 
frequency 
is therefore 
half the commutation 
frequency. 
All transitions 
indicate the detection 
of a zero-crossing 
(except 
for PG). The negative-going 
edges are called FG pulses because 
they generate 
an interrupt 
in a controlling 
microprocessor. 


The accuracy 
of the FG output signal Gitter) is very good. This accuracy 
depends 
on the symmetry 
of the motor's 
electromagnetic 
construction, 
which also effects the satisfactory 
functioning 
of the motor itself. 


Example: 
A three phase motor with 6 magnetic 
pole-pairs 
at 1500 rpm and with a full-wave 
drive has a commutation 
frequency 
of 25 x 6 x 6 = 900 Hz, and generates 
a tacho signal of 450 Hz. 


PG SIGNAL 


The accuracy 
of the PG signal in applications 
such as VCR must be high (phase information). 
This accuracy 
is 
obtained 
by combining 
the accurate 
FG signal with the PG signal by using a wide tolerance 
external 
PG sensor. The 
external 
PG signal (PG IN) is only used as an indicator 
to select a particular 
FG pulse. This pulse differs from the other 
FG pulses in that a short LOW-time 
of 15 Ils after a HIGH-to-LOW 
transition. 
All other FG pulses have a 50% duty 
factor (see Fig.11). 
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The special 
PG pulse is derived 
from the negative-going 
zero-crossing 
from the MOT3 output (pin 16). The extemal 
PG signal (PG IN on pin 5) must sense a positive 
going (>80 mV) within 
1.5 to 7.5 commutation 
periods 
before the 
negative-going 
zero-crossing 
in MOT3 (see Fig.11). 


The voltage 
requirements 
of the PG IN input are shut that a cheap 
pick-up coil can be used as a sensor (see Fig.12). 


Example: 
If p = 6, then one revolution 
contains 
6 x 6 = 36 commutations. 
The tolerance 
is 6 periods, that is 60 degrees 
(mechanically) 
or 6.67 ms at 1500 rpm. 


If a PG sensor is not used, the PG IN input must be grounded, 
this will result in a 50% duty factor FG signal. 


The Operational 
Transconductance 
Amplifier 
(OTA) 


The OTA is an uncommitted 
amplifier 
with a high output current 
(40 mAl that can be used as a control amplifier 
or as a 
level converter 
in a Switched 
Mode Power Supply 
(SMPS). 
The common 
mode input range includes 
ground 
(GND) 
and rises to Vp 
- 
1.7 V. The high sinking current 
enables 
the OTA to drive a power transistor 
directly 
in an analog 
control 
amplifier 
or in a SMPS drive. 


Although 
the gain is not extremely 
high (0.3 S), care must be taken with the stability of the circuit if the OTA is used as 
a linear amplifier 
as no frequency 
compensation 
has been provided. 


The convention 
for the inputs (inverting 
or not) is the same as for a normal operational 
amplifier: 
with a resistor 
(as 
load) connected 
from the output (pin 15) to the positive supply, a positive-going 
voltage 
is found when the 
non-inverting 
input (pin 13) is positive with respect to the inverting 
input (pin 14). Confusion 
is possible 
because 
a 
'plus' input causes 
less current, 
and so a positive voltage. 


Motor Control 


DC motors can be controlled 
in an analog or digital (Pulse Width Modulation) 
manner, 
in either case the OTA may be 
used as follows: 


• With analog 
control an external control 
transistor 
is required. 
The OTA can supply the base current for this 
transistor 
and act as a control amplifier 
(see Fig.7). 


• With digital or PWM control 
an external 
switching 
transistor 
is necessary. 
The OTA can make the level translation 
and drive the power transistor 
(see Fig.13). 


A further aspect of motor control 
is current or voltage 
control; 
the TDA5140A 
is intended 
for voltage control 


applications. 
Both ground 
pins (7 and 18) must be connected 
externally. 
However 
the current from pin 7 can be 


considered 
as small and constant 
with respect to the current 
in the output stages. A resistor connected 
between 
pins 


7, 18 and ground 
can be used for current control. 
Care must be taken that the voltage on pins 7, 18 does not disturb 


the (digital) 
FGPG signal too much (this signal is added to the digital signal). 


An alternative 
method 
of voltage 
control 
is to increase 
the output 
impedance 
for a certain frequency, 
such as the 
commutation 
frequency; 
the circuit illustrated 
by Fig.7 uses this method. 
The low output impedance 
increases 
to 


approximately 
10·n at 900 Hz. This circuit diagram 
is an example 
of the application 
of the TDA5140Awith 
a VTR 
scanner 
for a PAL recorder 
running 
at 1500 rpm. The input signal is a PWM 5 V signal. The FGPG signal is read by a 


microprocessor 
that runs the servo control 
program. 


A final aspect of motor control 
is braking; 
decreasing 
the speed to zero. No provisions 
have been made for this 
function. 
However, 
the generated 
voltage of the motor is rectified 
by the f1yback diodes. 
If the voltage 
is loaded 
by a 
current 
drain on pin 5 then the motor will generate 
a braking torque that is proportional 
to the current. 


Reliability 


It is necessary 
to protect 
high current circuits and the output stages are protected 
in two ways: 


• 
Current 
limiting of the 'lower' output transistors. 
The 'upper' output transistors 
use the same base current 
as the 


conducting 
'lower' transistor 
(+15%). This means that the current to and from the output stages is limited. 


• Thermal 
protection 
of the six output transistors 
is achieved 
by each transistor 
having a thermal 
sensor that is active 


when the transistor 
is switched 
on. The transistors 
are switched 
off when the local temperature 
becomes 
too high. 


It is possible, 
that when braking 
(see previous 
section), 
the motor voltage 
(via the f1yback diodes and the impedance 


on pin 5) may cause higher currents 
than allowed 
(>0.6 A). These currents 
must be limited externally. 


• 
Full-wave 
commutation 
(using 
push/pull 
drivers 
at the output 
stages) 
without 
position 
sensors 


• 
Built-in start-up 
circuitry 


• Three 
push-pull 
outputs: 


- 1.8 A output current 
- low saturation 
voltage 
- built-in current 
limiter 
- soft-switching 
outputs 


• Thermal 
protection 


• 
Flyback diodes 


• Tacho output without 
extra sensor 


• 
Position 
pulse stage for 
phase-locked-loop 
control 


• Transconductance 
amplifier 
for 
an external 
control transistor 


• General 
purpose 
spindle 
driver 
(e.g. HDD, drum motor) 


DESCRIPTION 


The TDA5141 
is a bipolar integrated 
circuit 
used to drive brush less DC 
motors 
in full-wave 
mode. The 
device 
senses 
the rotor position 
using an EMF-sensing 
technique 
and is ideally suited as a drive circuit 
for a hard disk drive motor. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
range; note 1 
4 
- 
18 
V 


Ip 
supply current 
range; note 2 
- 
4.9 
6.8 
mA 


VVMOT 
input voltage to the output 
1.7 
- 
16 
V 
driver stages 


Vo 
driver output voltage 
range; 
0.2 
- 
VW.OT 
V 


10= 0 mA 
-0.9 


Iw~ 
current 
limiting 
1.3 
1.8 
2.3 
A 


Notes to the quick reference 
data 


1. An unstabilized 
supply can be used. 


2. VW.OT = V p; +AMP IN and -AMP 
IN at 0 V; all outputs 
10 = 0 mA. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS 
PIN POSITION 
MATERIAL 
CODE 


TDA5141 
18 
DIL 
plastic 
SOT102 


TDA5141T 
28 
SOL 
plastic 
SOT136A 


TDA5141AT 
20 
SOL 
plastic 
SOT163A 


Philips 
Semiconductors 


CAP-DC 


CAP-CD 


TRANS- 


CONDUCTANCE 


AMPLIF IER 


COMMUT ATION 


LOGIC 


SYMBOL 
PIN DIL18 
PIN 5020 
PIN 5028 
DESCRIPTION 


MOT1 
1 
1 
1,2 
driver output 
1 


TEST 
2 
2 
3 
test input/output 


n.c. 
3 
4 
not connected 


MOT2 
3 
4 
5,6 
driver output 2 


n.c. 
7 
not connected 


VMOT 
4 
5 
8,9 
input voltage 
for the output driver stages 


PGIN 
5 
6 
10 
position 
generator: 
input from the position 
detector 
sensor 
to the 
position detector 
stage (optional); 
only if an external 
position 
coil 
is used 


PGlFG 
6 
7 
11 
position 
generator/frequency 
generator: 
output of the rotation 
speed and position 
detector 
stages 
(open collector 
digital output, 


negative-going 
edge is valid) 


GND2 
7 
8 
12 
ground supply 
return for control circuits 


Vp 
8 
9 
13 
positive supply voltage 


CAP-CD 
9 
10 
14 
external 
capacitor 
connection 
for adaptive 
communication 
delay 
timing 


CAP-DC 
10 
11 
15 
external 
capacitor 
connection 
for adaptive 
communication 
delay 
timing copy 


CAP-ST 
11 
12 
16 
external 
capacitor 
connection 
for start-up 
oscillator 


CAP-TI 
12 
13 
17 
external 
capacitor 
connection 
for timing 


+AMP IN 
13 
14 
18 
non-inverting 
input of the transconductance 
amplifier 


-AMP 
IN 
14 
15 
19 
inverting 
input of the transconductance 
amplifier 


AMP 
15 
16 
20 
transconductance 
amplifier 
output 
(open collector) 


OUT 


n.c. 
21,22 
not connected 


MOT3 
16 
17 
23,24 
driver output 3 


n.c. 
18 
25 
not connected 


MOTO 
17 
19 
26 
input from the star point of the motor coils 


GND1 
18 
20 
27,28 
ground (0 V) motor supply return for output stages 


The TDA5141 
offers a sensorless 
three phase motor drive function. 
It 
is unique 
in its combination 
of 
sensorless 
motor drive and full-wave 
drive. The TDA5141 
offers protected 
outputs 
capable 
of handling 
high 
currents 
and can be used with star 


or delta connected 
motors. 
It can 
easily be adapted 
for different 
motors and applications. 
The 
TDA5141 
offers the following 
features: 


• 
sensorless 
commutation 
by 
using the motor EMF 


• 
Built-in start-up 
circuit 


• Optimum 
commutation, 


independent 
of motor type or 
motor loading 


• 
Built-in flyback diodes 


• Three phase full-wave 
drive 


• 
High output current 
(1.8 A) 


• Outputs 
protected 
by current 


limiting and thermal 
protection 
of 


each output transistor 


• 
Low current consumption 
by 


adaptive 
base-drive 


• 
Soft-switching 
pulse output for 


low radiation 


• Accurate 
frequency 
generator 


(FG) by using the motor EMF 


• Amplifier 
for extemal 
position 


generator 
(PG) signal 
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Fig.2 
Pin configuration 
(SOT102; 
OIL 18). 
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25 
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24 
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Fig.4 
Pin configuration 
(SOT136A; 
S028L). 
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n.C. 


MOT2 
4 
17 
Man 


VMOT 
5 
16 
AMP 
OUT 


TDA5141AT 


GND3 
6 
15 
-AMP 
IN 


FG 
7 
14 
+AMP 
IN 


GND2 
8 
13 
CAP-TI 


Vp 
9 
12 
CAP-sT 


CAP-CD 
10 
11 
CAP-DC 


MKA191 


Fig.3 
Pin configuration 
(SOT163A; 
S020L). 


• Suitable 
for use with a wide 


tolerance, 
external 
PG sensor 


• 
Built-in multiplexer 
that combines 


the internal 
FG and external 
PG 
signals on one pin for easy use 
with a controlling 
microprocessor 


• 
Uncommitted 
operational 


transconductance 
amplifier 


(OTA), with a high output current, 
for use as a control amplifier 
or 
as a level shiller 
in a Switched 
Mode Power Supply 
(SMPS) drive 


LIMITING 
VALUES 


In accordance 
with the Absolute 
Maximum 
Rating System 
(IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vp 
positive 
supply voltage 
- 
18 
V 


VI 
input voltage; 
all pins except VMOT: 
-0.3 
Vp + 0.5 
V 


VI < 18 V 


VVMOT 
VMOT 
input voltage 
-0.5 
17 
V 


Vo 
output voltage 
AMP OUT and PG/FG 
GND 
Vp 
V 


Vo 
output voltage 
MOTO, MOT1, MOT2 
-1 
VVMOT+ Vo 
V 


and MOT3 


VI 
input voltage 
CAP-ST, CAP-TI, 
- 
2.5 
V 


CAP-CD 
and CAP-DC 


Tslg 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
range 
0 
+70 
°C 


Plot 
total power dissipation 
- 
see Figs 
5,6 
and 7 


Yes 
electrostatic 
voltage; 
see also 
- 
500 
V 
handling 


--'\. 


'\ 
"'- 


" 


PIal 
3 


(w) 2.5 
\\\\\ 


50 
100 
150 
Tomb 
(oC) 
50 
100 
150 
Tomb (oC) 


Fig.5 
Power derating 
curve 


(SOT102; 
DIL 18). 


Fig.6 
Power derating 
curve 


(SOT163A; 
S020L). 


Every pin withstands 
the ESD test 
according 
to MIL-STD-883C 
class 2. 


Method 3015 (HBM 1500 n, 100 pF) 
3 pulses + and 3 pulses - on each 
pin refernced 
to ground. 


3 


PIal 
(w) 


~ ~ ~ 


~ 
'"" 
50 
100 
150 
Tomb 
(oC) 


Fig.? 
Power derating 
curve 


(SOT136A; 
S028L). 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Vp 
supply voltage 
range 
note 1 
4 
- 
18 
V 


Ip 
supply current 
range 
note 2 
- 
4.9 
6.8 
mA 


VVMOT 
input voltage to the driver output 
see Fig.1 
1.7 
- 
16 
V 
stages 


Thermal 
protection 


TSD 
local temperature 
at 
130 
140 
150 
°C 
temperature 
sensor causing 
shut-down 


~T 
reduction 
in temperature 
before 
after shut-down 
- 
TSD- 30 
- 
K 


switch-on 


MOTO - centre tape 


VI 
input voltage 
range 
-0.5 
- 
VVMOT 
V 


II 
input bias current 
0.5 V < VI < 
-10 
- 
0 
IlA 


VVMOT-1.5 V 


Vcs;v 
comparator 
switching 
level 
note 3 
±20 
±30 
±40 
mV 


~Vcsw 
variation 
in comparator 
-3 
0 
+3 
mV 


switching 
levels 


VH 
comparator 
input hysteresis 
- 
75 
- 
IlV 


MOT1, MOT2 and MOT3 


Vo 
driver output voltage 
range 
10 = 100 mA 
0.4 
- 
VVMOT- 
V 
1.2 


VDO 
drop-out 
voltage 
10 = 1000 mA 
- 
1.6 
- 
V 


~VOl 
variation 
in saturation 
voltage 
10 = 100 mA 
- 
- 
180 
mV 
between 
lower transistors 


~VOH 
variation 
in saturation 
voltage 
10 = -100 
mA 
- 
- 
180 
mV 
between 
upper transistors 


ILiM 
current 
limiting 
lower transistor; 
1.3 
1.8 
2.3 
A 


VCE = 6 V 


~r 
transition 
time switching 
output 
VVMOT= 14.5 V;see 
5 
9 
15 
IlS 


Fig.8 


VDHF 
diode forward 
voltage 
(diode DH) 
10 = -500 
mA; notes 
- 
- 
1.5 
V 


4 and 5; see Fig.1 


VDLF 
diode forward 
voltage 
(diode DL) 
10 = 500 mA; notes 
-1.5 
- 
- 
V 


4 and 5; see Fig.1 


IDM 
peak diode current 
note 5 
- 
- 
1.8 
A 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


+AMP IN and -AMP IN 


VIAMP 
input voltage 
range 
-0.3 
- 
Vp-1.7 
V 


VIAMP 
differential 
mode voltage 
without 
- 
- 
±Vp 
V 


'latch-up' 


Is 
input bias current 
- 
- 
650 
nA 


C1 
input capacitance 
- 
4 
- 
pF 


VOFFSET 
input offset voltage 
- 
- 
10 
mV 


II 
output sink current 
40 
- 
- 
mA 


Vsa• 
saturation 
voltage 
1,= 40 mA 
- 
1.5 
2.1 
V 


VQmax 
maximum 
output voltage 
- 
- 
18 
V 


SR 
slew rate 
RL = 330 0; 
- 
60 
- 
mAlJls 


CL = 50 pF 


G" 
transfer 
gain 
0.3 
- 
- 
S 


PGIN 


VI 
input voltage 
-0.3 
- 
Vp -1.7 
V 


Is 
input bias current 
- 
- 
650 
nA 


RI 
input resistance 
5 
- 
30 
kO 


Vcws 
comparator 
switching 
level 
86 
- 
107 
mV 


VH 
comparator 
input hysteresis 
- 
±8 
- 
mV 


PGlFG 


VOL 
LOW level output voltage 
10= 1.6 mA 
- 
- 
0.4 
V 


VOHmax 
maximum 
HIGH level output 
Vp 
- 
- 
V 
voltage 


tTHL 
HIGH-to-LOW 
transition 
time 
CL = 50 pF; 
- 
0.5 
- 
Jls 


RL = 10 kO 


ratio of PG/FG frequency 
and 
- 
1 : 2 
- 
commutation 
frequency 


8 
duty factor 
- 
50 
- 
% 


tpL 
pulse width LOW 
after a PG IN pulse 
5 
7 
30 
Jls 


CAP-ST 


II 
output 
sink current 
1.5 
2.0 
2.5 
JlA 


10 
output source 
current 
-2.5 
-2.0 
-1.5 
JlA 


VSWL 
LOW level switching 
voltage 
- 
0.20 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAP-TI 


II 
output sink current 
- 
28 
- 
JlA 


10H 
HIGH level output source current 
- 
-57 
- 
JlA 


IOL 
LOW level output source current 
- 
-5 
- 
IlA 


VSWL 
LOW level switching 
voltage 
- 
50 
- 
mV 


VSWM 
MIDDLE 
level switching 
voltage 
- 
0.30 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


CAP-CD 


I, 
ouput sink current 
10.6 
16.2 
22 
l!A 


10 
output source current 
-5.3 
-8.1 
-11 
l!A 


1/10 
ratio of sink to source current 
1.85 
2.05 
2.25 


V'L 
LOW level input voltage 
- 
875 
- 
mV 


V'H 
HIGH level input voltage 
2.3 
2.4 
2.55 
V 


CAP-DC 


I, 
output sink current 
10.1 
15.5 
20.9 
l!A 


10 
output sou rce cu rrent 
-20.9 
-15.5 
-10.1 
l!A 


1,/10 
ratio of sink to source current 
0.9 
1.025 
1.15 


1. An un stabilized 
supply can be used. 


2. VVMOT= Vp, all other inputs at 0 V; all outputs 
at Vp and 
10 = 0 mA. 


3. Switching 
levels with respect to MOT1, MOT2 and MOT3. 


4. Drivers are in the high-impedance 
OFF-state. 


5. The outputs 
are short-circuit 
protected 
by limiting the current and the Ie temperature. 


Introduction 
(see Fig.10) 


Full-wave 
driving 
of a three phase motor requires 
three push-pull 
output stages. 
In each of the six possible 
states two 
outputs 
are active, one sourcing 
and one sinking current. The third output presents 
a high impedance 
to the motor 
which enables 
measurement 
of the motor EMF in the corresponding 
motor coil by the EMF comparator 
at each output. 


The commutation 
logic is responsible 
for control of the output transistors 
and selection 
of the correct 
EMF comparator. 


The zero-crossing 
in the motor EMF (detected 
by the comparator 
selected 
by the commutation 
logic) is used to 
calculate 
the correct 
moment 
for the next commutation, 
that is, the change 
to the next output state. The delay is 
calculated 
(depending 
on the motor loading) 
by the adaptive 
commutation 
delay block. 


Because 
of high inductive 
loading the output stages contain flyback diodes. 
The output stages are also protected 
by a 
current 
limiting circuit and by thermal 
protection 
of the six output transistors. 


The zero-crossings 
can be used to provide speed information 
such as the tacho signal FG. A VCR scanner 
also 
requires 
a PG phase sensor. This circuit has an interface 
for a simple pick-up coil. A multiplexer 
circuit is also provided 


to combine 
the FG and PG signals 
in time. This digital signal, 
FGPG, is available 
at an open-collector 
output. 


The system 
will only function 
when the EMF voltage 
from the motor is present. 
Therefore, 
a start oscillator 
is provided 


that will generate 
commutation 
pulses when no zero-crossings 
in the motor voltage are available. 


A timing function 
is incorporated 
into the device for internal timing and for timing of the reverse rotation 
detection. 


The TDA5141 
also contains 
an uncommitted 
transconductance 
amplifier 
(OTA) that can be used as a control 
amplifier. 
The output is capable 
of directly driving an external 
power transistor. 


The TDA5141 
is designed 
for systems 
with low current 
consumption: 
use of III logic, adaptive 
base drive for the 


output transistors 
(patented), 
possibility 
of using a pick-up coil without 
bias current. 


from 
47K 
14 
DAC 


220n 
11 


180 
10 


'.0 


TEST 


100 


'e 
to 


microprocessor 


ADJUSTMENTS 


The system 
has been designed 
in such a way that the tolerances 
of the application 
components 
are not critical. 


However, 
the approximate 
values of the following 
components 
must still be determined: 


• The start capacitor; 
this determines 
the frequency 
of the start oscillator 


• The two capacitors 
in the adaptive 
commutation 
delay circuit; these are important 
in determining 
the optimum 


moment 
for commutation, 
depending 
on the type and loading of the motor 


• The timing capacitor; 
this provides 
the system with its timing signals 


• Three external, 
damping 
RC-combinations 
that can be used to reduce HF interference 
and acoustic 
noise from the 
motor 


THE STARTCAPACITOR(CAP-ST) 


This capacitor 
determines 
the frequency 
of the start oscillator. 
It is charged 
and discharged, 
with a current of 2 ~A, 


from 0.05 V to 2.2 V and back to 0.05 V. The time taken to complete 
one cycle is given by: 


t.lar1= (2.15 x C) s (with C in ~F) 


The start oscillator 
is reset by a commutation 
pulse and so is only active when the system 
is in the start-up 
mode. A 


pulse from the start oscillator 
will cause the outputs to change 
to the next state (torque in the motor). 
If the movement 
of the motor generates 
enough 
EMF the TDA5141 
will run the motor. If the amount 
of EMF generated 
is insufficient, 


then the motor will move one step only and will oscillate 
in its new position. 
The amplitude 
of the oscillation 
must 


decrease 
sufficiently 
before the arrival of the next start pulse, to prevent the pulse arriving 
during the wrong 
phase of 
the oscillation. 
The oscillation 
of the motor is given by: 


fose = 0.517t x (K, x I X p/J)'12 


where: 
K, = torque constant 
(N.m/A) 


I = current 
(A) 


p = number 
of magnetic 
pole-pairs 


J = inertia J (kg.m2) 


Example: J = 72 X 10.6 kg.m2, K = 25 X 10.3 N.m/A, p = 6 and I = 0.5 A; this gives fose = 5 Hz. If the damping 
is high 


then a start frequency 
of 2 Hz can be chosen or t = 500 ms, thus C = 0.5/2 = 0.25 ~F, (choose 
220 nF). 


THE ADAPTIVECOMMUTATIONDELAY(CAP-CD 
ANDCAP-DC) 


In this circuit capacitor 
CAP-CD 
is charged 
during one commutation 
period, with an interruption 
of the charging 
current 
during the diode pulse. During the next commutation 
period this capacitor 
(CAP-CD) 
is discharged 
at twice the 


charging 
current. 
The charging 
current 
is 8.1 ~A and the discharging 
current 
16.2 ~A; the voltage 
range is from 


0.9 to 2.2 V. The voltage 
must stay within this range at the lowest commutation 
frequency 
of interest, 
fC1: 


C = 8.1 x 10-6/ f x 1.3 = 6231/fc1 (C in nF) 


If the frequency 
is lower, then a constant 
commutation 
delay after the zero-crossing 
is generated 
by the discharge 


from 2.2 to 0.9 V at 16.2 ~A. 


maximum 
delay = (0.076 x C) ms (witch C in nF) 


Example: 
nominal 
commutation 
frequency 
= 900 Hz and the lowest usable frequency 
= 400 Hz, so: 


CAP-CD 
= 6231/400 
= 15.6 (choose 
18 nF) 


The other capacitor, 
CAP-DC, 
is used to repeat the same delay by charging 
and discharging 
with 20 ~A. The same 


value can be chosen 
as for CAP-CD. 
Figure 11 illustrates 
typical voltage 
waveforms. 


voltage 
on 
CAP-CD 


voltage 


on CAP-DC 


THE TIMING CAPACITOR (CAP-Tl) 


Capacitor 
CAP-Tl 
is used for timing the successive 
steps within one commutation 
period; these steps include some 
internal delays. 


The most important 
function 
is the watchdog 
time in which the motor EMF has to recover from a negative 
diode-pulse 
back to a positive 
EMF voltage 
(or vice versa). A watchdog 
timer is a guarding 
function 
that only becomes 
active when 
the expected 
event does not occur within a predetermined 
time. 


The EMF usually recovers 
within a short time if the motor is running 
normally 
«<ms). 
However, 
if the motor is 
motionless 
or rotating 
in the reverse direction, 
then the time can be longer (»ms). 


A watchdog 
time must be chosen 
so that it is long enough for a motor without 
EMF (still) and eddy currents 
that may 


stretch the voltage 
in a motor winding; 
however, 
it must be short enough to detect reverse 
rotation. 
If the watchdog 
time is made too long, then the motor may run in the wrong direction 
(with little torque). 


The capacitor 
is charged, 
with a current of 57 flA, from 0.2 to 0.3 V. Above this level it is charged, 
with a current 
of 
5 flA, up to 2.2 V only if the selected 
motor EMF remains 
in the wrong polarity 
(watchdog 
function). 
At the end, or, if 


the motor voltage 
becomes 
positive, 
the capacitor 
is discharged 
with a current of 28 flA. The watchdog 
time is the time 
taken to charge the capacitor, 
with a current of 5 flA, from 0.3 to 2.2 V. The value of CAP-TI 
is given by: 


C = 5 x 10-6 x t,j1.9 = 2.63 tm (C in nF; tin 
ms) 


Example: 
If after switching 
off, the voltage from a motor winding 
is reduced, 
in 3.5 ms, to within 20 mV (the offset of 


the EMF comparator), 
then the value of the required timing capacitor 
is given by: 


C = 2.63 x 3.5 = 9.2 (choose 
10 nF) 


Typical voltage 
waveforms 
are illustrated 
by Fig .12. 


voltage 


on CAP- TI 


Note to Fig.12 


If the chosen 
value of CAP-TI 
is too small, then oscillations 
can occur in certain 
positions 
of a blocked 
rotor. If the 
chosen 
value is too large, then it is possible 
that the motor may run in the reverse direction 
(synchronously 
with little 
torque). 


Flyback 
pulses from the motor windings 
may cause HF interference 
and acoustic 
noise. The flyback 
pulses can be 
damped 
by RC-combinations 
in parallel with the motor windings. 
This reduces the HF interference; 
it also reduces the 
acoustic 
noise by several 
dB, depending 
on the motor construction. 


These damping 
components 
also have negative 
effects. They not only dissipate 
energy from the flyback 
pulses, 
but 
also contribute 
to the overall energy consumption. 
Other negative 
effects are discussed 
below. 


One negative 
effect is the distortion 
of the motor EMF sensed 
by the comparators 
in the TDA5141. 
This distortion 
may 
influence 
the correct functioning 
of the TDA5141, 
for example, 
an (damped) 
oscillation 
occurring 
after the winding 
has 


been switched 
off. This oscillation 
must be critically 
(or over critically) 
damped, 
so that: 


R2 x C = 4 x L (L = inductance 
of one coil, Rand 
C for damping) 


A second 
requirement 
is that the effect of the damping 
components 
must be negligible 
by the time that the 
zero-crossing 
of the EMF is expected. 
This is because 
the remainder 
of the step (due to RC components) 
causes 
shifting 
of the zero-crossing. 
For a critically damped 
combination 
the voltage can be calculated 
as a negative 
exponential 
with 
Wo x t. 


Example: 
Commutation 
frequency 
= 900 Hz, so t = 1100 lls, the time taken from the end of the diode pulse to the 
zero-crossing 
of the EMF will be approximately 
t = 440 lls. If a damping 
voltage from 9 V to 3 mV is required, 
then the 
reduction 
is 3000-fold, 
or e exp-8 = e exp 
-{J}o X t. This gives 
Wo = 18180 rad/s. With L = 3 mH, C is found to be 
1.01 llF (use 1 llF) and R is found to be 109.1 0 (use 1000). 


A motor voltage 
of 7 V (peak-to-peak) 
at 150 Hz gives 3300 Vis, thus a 3 mV remainder 
shifts the zero-crossing 
1 lls. 


Eddy currents 
will also contribue 
to this phase shift. A shift of 20 lls corresponds 
with 0.18 degrees 
(mechanically) 
for a 
1500 rpm motor, or 0.1 mm on a VHS scanner drum. 


OTHER DESIGN ASPECTS 


There are other design aspects 
concerning 
the application 
of the TDA5141 
besides the commutation 
function. 
They 
are: 


• 
Generation 
of the tacho signal FG 


• A built-in interface 
for a PG sensor 


• General 
purpose 
operational 
transconductance 
amplifier 
(OTA) 


• 
Possibilities 
of motor control 


• 
Reliability 


FG SIGNAL 


The FG signal is generated 
in the TDA5141 
by using the zero-crossing 
of the motor EMF from the three motor 
windings. 
Every zero-crossing 
in a (star connected) 
motor winding 
is used to toggle the FG output signal. The FG 
frequency 
is therefore 
half the commutation 
frequency. 
All transitions 
indicate the detection 
of a zero-crossing 
(except 
for PG). The negative-going 
edges are called FG pulses because 
they generate 
an interrupt 
in a controlling 
microprocessor. 


The accuracy 
of the FG output signal Gitter) is very good. This accuracy 
depends 
on the symmetry 
of the motor's 
electromagnetic 
construction, 
which also effects the satisfactory 
functioning 
of the motor itself. 


Example: 
A three phase motor with 6 magnetic 
pole-pairs 
at 1500 rpm and with a full-wave 
drive has a commutation 
frequency 
of 25 x 6 x 6 = 900 Hz, and generates 
a tacho signal of 450 Hz. 


PG SIGNAL 


The accuracy 
of the PG signal in applications 
such as VCR must be high (phase information). 
This accuracy 
is 
obtained 
by combining 
the accurate 
FG signal with the PG signal by using a wide tolerance 
external 
PG sensor. The 
external 
PG signal (PG IN) is only used as an indicator 
to select a particular 
FG pulse. This pulse differs from the other 
FG pulses in that a short LOW-time 
of 15 ~s after a HIGH-to-LOW 
transition. 
All other FG pulses have a 50% duty 
factor (see Fig.13). 


A 
" 
v 
A 
v~ 


MOT3_/~D_~' 
D=- 


The special 
PG pulse is derived 
from the negative-going 
zero-crossing 
from the MOT3 output 
(pin 16). The external 
PG signal (PG IN on pin 5) must sense a positive going (>80 mY) within 
1.5 to 7.5 commutation 
periods 
before the 


negative-going 
zero-crossing 
in MOT3 (see Fig.13). 


The voltage 
requirements 
of the PG IN input are shut that a cheap pick-up coil can be used as a sensor 
(see Fig.14). 


Example: 
If p = 6, then one revolution 
contains 
6 x 6 = 36 commutations. 
The tolerance 
is 6 periods, that is 60 degrees 


(mechanically) 
or 6.67 ms at 1500 rpm. 


If a PG sensor is not used, the PG IN input must be grounded, 
this will result in a 50% duty factor FG signal. 


2.2K 


~PGIN(5) 


~ MKA110 
GND2 (7) 


The Operational 
Transconductance 
Amplifier 
(OTA) 


The OTA is an uncommitted 
amplifier 
with a high output current 
(40 mAl that can be used as a control amplifier 
or as a 
level converter 
in a Switched 
Mode Power Supply 
(SMPS). The common 
mode input range includes 
ground 
(GND) 
and rises to Vp - 1.7 V. The high sinking current enables 
the OTA to drive a power transistor 
directly 
in an analog 
control 
amplifier 
or in a SMPS drive. 


Although 
the gain is not extremely 
high (0.3 S), care must be taken with the stability of the circuit if the OTA is used as 
a linear amplifier 
as no frequency 
compensation 
has been provided. 


The convention 
for the inputs (inverting 
or not) is the same as for a normal operational 
amplifier: 
with a resistor 
(as 
load) connected 
from the output 
(pin 15) to the positive supply, a positive-going 
voltage 
is found when the 
non-inverting 
input (pin 13) is positive with respect to the inverting 
input (pin 14). Confusion 
is possible 
because 
a 
'plus' input causes 
less current, 
and so a positive voltage. 


Motor Control 


DC motors can be controlled 
in an analog or digital (Pulse Width Modulation) 
manner, in either case the OTA may be 
used as follows: 


• With analog control an external control transistor 
is required. 
The OTA can supply the base current 
for this 
transistor 
and act as a control amplifier 
(see Fig.1 0) . 


• With digital or PWM control an external 
switching 
transistor 
is necessary. 
The OTA can make the level translation 
and drive the power transistor 
(see Fig.15). 


A further aspect of motor control 
is current or voltage control; 
the TDA5141 
is intended 
for voltage control 
applications. 
Both ground pins (7 and 18) must be connected 
externally. 
However 
the current from pin 7 can be considered 
as small 
and constant 
with respect to the current 
in the output stages. 
A resistor connected 
between 
pins 7, 18 and ground can 
be used for current control. 
Care must be taken that the voltage 
on pins 7, 18 does not disturb the (digital) 
FGPG 
signal too much (this signal is added to the digital signal). 


An alternative 
method 
of voltage 
control 
is to increase 
the output impedance 
for a certain frequency, 
such as the 


commutation 
frequency; 
the circuit illustrated 
by Fig.10 uses this method. 
The low output impedance 
increases 
to 


approximately 
10 n at 900 Hz. This circuit diagram 
is an example 
of the application 
of the TDA5141 
with a VTR 


scanner 
for a PAL recorder 
running at 1500 rpm. The input signal is a PWM 5 V signal. The FGPG signal is read by a 


microprocessor 
that runs the servo control 
program. 


A final aspect of motor control 
is braking; 
decreasing 
the speed to zero. No provisions 
have been made for this 


function. 
However, 
the generated 
voltage 
of the motor is rectified 
by the flyback diodes. 
If the voltage 
is loaded 
by a 


current 
drain on pin 5 then the motor will generate 
a braking torque that is proportional 
to the current. 


Reliability 


It is necessary 
to protect 
high current circuits and the output stages are protected 
in two ways: 


• Current 
limiting of the 'lower' output transistors. 
The 'upper' output transistors 
use the same base current 
as the 
conducting 
'lower' transistor 
(+15%). 
This means that the current to and from the output stages is limited. 


• Thermal 
protection 
of the six output transistors 
is achieved 
by each transistor 
having a thermal 
sensor that is active 
when the transistor 
is switched 
on. The transistors 
are switched 
off when the local temperature 
becomes 
too high. 


It is possible, 
that when braking 
(see previous 
section), 
the motor voltage 
(via the f1yback diodes and the impedance 


on pin 5) may cause higher currents 
than allowed 
(>0.6 A). These currents 
must be limited externally. 


• 
Full-wave 
commutation 
without 


position 
sensors 


• 
Built-in start-up 
circuitry 


• Six outputs 
that can drive three 


external 
transistor 
pairs: 


- 0.15 A output current 
- low saturation 
voltage 
- built-in current 
limiter 


• Thermal 
protection 


• Tacho output without 
extra sensor 


• Transconductance 
amplifier 
for 
an external 
control 
transistor 


• 
Motor brake facility 


• 
General 
purpose 
spindle 
driver 
(e.g. HDD, fan motor) 


DESCRIPTION 


The TDA5142T 
is a bipolar 
integrated 
circuit used to drive 


brush less DC motors 
in full-wave 


mode. The device 
senses the rotor 


position 
using an EMF-sensing 


technique 
and is ideally suited as a 


drive circuit for power-drum 
motors 


(hard disk drives, 
tape drives, fan 
motors). 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
range; note 1 
4 
- 
18 
V 


Ip 
supply current 
range; note 2 
- 
4.9 
6.25 
mA 


VVMOT 
input voltage to the output 
3 
- 
18 
V 


driver stages 


Vo 
driver output voltage 
range; 


10= 0 mA 
0.2 
- 
- 
V 


OUT-NA, 
NB, NC 
- 
- 
VW.OT 
V 


OUT-PA, 
PB, PC 
0.2 
- 
- 0.9 
V 
- 


Notes to the quick reference 
data 


1. An unstabilized 
supply can be used. 


2. VW.OT = Vp; all other inputs at 0 V; all outputs at Vp and 10 = 0 mA. 


EXTENDED 
TYPE 
PACKAGE 


NUMBER 
PINS I 
PIN POSITION 
I MATERIAL 
I 
CODE 


TDA5142T 
24 
I 
SOL 
I 
plastic 
I 
SOT137A 


CAP-DC 


CAP-CD 


TRANS- 


CONDUCTANCE 


AMPLIFIER 


OUTPUT 
DRI VER 


STAGE 


OUTPUT 
DRIVER 


STAGE 


OUTPUT 
DRIVER 


STAGE 


OUTPUT 
DRIVER 


STAGE 


OUTPUT 
DRIVER 


STAGE 


Philips Semiconductors 


SYMBOL 
PIN 
DESCRIPTION 


OUT-NB 
1 
driver output for driving the n-channel 
power FET or power NPN 


OUT-PB 
2 
driver output for driving the p-channel 
power FET or power PNP 


GND1 
3 
ground 
(0 V) motor supply return for output stages 


OUT-PC 
4 
driver output for driving the p-channel 
power FET or power PNP 


OUT-NC 
5 
driver output for driving the n-channel 
power FET or power NPN 


VMOT 
6 
input voltage for the output driver stages 


TEST 
7 
test input/output 


BRAKE 
8 
brake input command 


FG 
9 
output of the rotation speed position 
detector 
stage 


GND2 
10 
ground supply return for control 
circuits 


Vp 
11 
positive supply voltage 


CAP-CD 
12 
external capacitor 
connection 
for adaptive 
communication 
delay timing 


CAP-DC 
13 
external 
capacitor 
connection 
for adaptive 
communication 
delay timing copy 


CAP-ST 
14 
external 
capacitor 
connection 
for start-up oscillator 


CAP-TI 
15 
external 
capacitor 
connection 
for timing 


+AMP IN 
16 
non-inverting 
input of the transconductance 
amplifier 


-AMP 
IN 
17 
inverting 
input of the transconductance 
amplifier 


AMP OUT 
18 
transconductance 
amplifier 
output 
(open collector) 


COMP-A 
19 
input of comparator 
corresponding 
to output A 


COMP-B 
20 
input of comparator 
corresponding 
to output B 


COMP-C 
21 
input of comparator 
corresponding 
to output C 


MOTO 
22 
input from the star point of the motor coils 


OUT-NA 
23 
driver output for driving the n-channel 
power FET or power NPN 


OUT-PA 
24 
driver output for driving the p-channel 
power FET or power 
PNP 


FUNCTIONAL 
DESCRIPTION 


The TDA5142T 
offers a sensorless 
three phase motor drive function. 
It 
is unique in its combination 
of 
sensorless 
motor drive and full-wave 
drive. The TDA5142T 
offers 
protected 
outputs 
capable 
of driving 
external 
power 
FETs or bipolar 
power transistors. 
It can easily be 
adapted 
for different 
motors and 
applications. 
The TDA5142T 
offers 
the following 
features: 


• Sensorless 
commutation 
by 
using the motor EMF 


• 
Built-in start-up 
circuit 


• Optimum 
commutation, 
independent 
of motor type or 
motor loading 


• Six output drivers 


• 
Maximum 
output current 
(0.15 A) 


• Outputs 
protected 
by current 
limiting and thermal 
protection 


• 
Low current consumption 


• Accurate 
frequency 
generator 
(FG) by using the motor EMF 


• 
Brake function 


• 
Uncommitted 
operational 
transconductance 
amplifier 
(OTA), with a high output current, 
for use as a control amplifier 
or 
as a level shifter in a Switched 
Mode Power Supply (SMPS) 
drive 


VMOT 
6 
19 
COMP-A 


TDA5142T 
TEST 
7 
18 
AMP OUT 


BRAKE 
8 
17 
-AMP 
IN 


FG 
9 
16 
+AMP 
IN 


GND2 
10 
15 
CAP-TI 


Vp 
11 
14 
CAP-5T 


CAP-CD 
12 
13 
CAP-DC 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vp 
positive supply voltage 
4 
18 
V 


VI 
input voltage; 
all pins except 
-0.3 
Vp + 0.5 
V 
VMOT: VI < 18 V 


VW.OT 
VMOT input voltage 
3 
18 
V 


Vo 
output voltage 
FG 
GND 
Vp 
V 
AMP OUT 
- 
18 
V 


Vo 
output voltage 
OUT-NA, 
NB, NC 
- 
VVMOT- 0.9 
V 
OUT-PA, 
PB, PC 
0.2 
- 
V 


VI 
input voltage 
- 
2.5 
V 
CAP-ST, 
CAP-TI, 
CAP-CD 
an 
CAP-DC 


Tstg 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
0 
+70 
°C 
temperature 
range 


Plot 
total power dissipation 
- 
see Fig. 3 


Ves 
electrostatic 
voltage; 
see also 
- 
500 
V 
handling 


- - 


'" 


'" 


'" 


a 
50 
lOa 
150 


Tomb 
(oC) 


Every pin withstands 
the ESD test 
according 
to MIL-STD-883C 
class 2. 


Method 3015 (HBM 1500 Q, 100 pF) 
3 pulses + and 3 pulses - on each 
pin referenced 
to ground. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Vp 
supply voltage 
range 
note 1 
4 
- 
18 
V 


Ip 
supply current 
range 
note 2 
- 
4.9 
6.25 
mA 


VW,OT 
input voltage to the driver output 
see Fig.1 
3 
- 
18 
V 
stages 


Thermal 
protection 


Tso 
local temperature 
at 
130 
140 
150 
°C 
temperature 
sensor causing 
shut-down 
~T 
reduction 
in temperature 
before 
after shut-down 
- 
Tso-30 
- 
K 


switch-on 


COMP-A, 
COM-B, 
COMP-C 
and MOTO 


VI 
input voltage 
range 
-0.5 
- 
VW,OT 
V 


II 
input bias current 
0.5 V < VI < 
-10 
- 
0 
~A 
VVMOT-1.5 
V 


Vcsw 
comparator 
switching 
level 
note 3 
±20 
±25 
±30 
mV 


~Vcsw 
variation 
in comparator 
-3 
0 
+3 
mV 
switching 
levels 


VH 
comparator 
input hysteresis 
- 
75 
- 
~V 


OUT-N(A,B,C) 
and OUT-P(A,B,C) 


VOH-N 
driver output voltage 
range; 
10=-100 
mA 
-1.2 
- 
- 
V 
n-channel, 
upper transistor 


VOL-N 
driver output voltage 
range; 
10= 10 mA 
- 
- 
0.45 
V 


n-channel, 
lower transistor 


VOH-P 
driver output voltage 
range; 
10=-10mA 
-1.2 
- 
- 
V 


p-channel, 
upper transistor 


VOL_P 
driver output voltage 
range; 
10= 100 mA 
- 
- 
0.45 
V 


p-channel, 
lower transistor 


~VOL 
variation 
in saturation 
voltage 
10= 100 mA 
- 
- 
180 
mV 
between 
lower transistors 


~VOH 
variation 
in saturation 
voltage 
10= -100 
mA 
- 
- 
180 
mV 
between 
upper transistors 


ILiM 
current 
limiting 
lower transistor; 
- 
150 
- 
mA 


VCE = 6 V 


VMOT 


VW,OT 
input voltage 
range 
3 
- 
18 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


+AMP IN and -AMP 
IN 


VIAMP 
input voltage 
range 
-0.3 
- 
Vp -1.7 
V 


VIAMP 
differential 
mode voltage 
without 
- 
- 
±Vp 
V 


'latch-up' 


IB 
input bias current 
- 
- 
650 
nA 


CI 
input capacitance 
- 
4 
- 
pF 


VOFFSET 
input offset voltage 
- 
- 
10 
mV 


AMP OUT 


I, 
output sink current 
40 
- 
- 
mA 


Vsa' 
saturation 
voltage 
1,=40 
mA 
- 
1.5 
2.1 
V 


VOrrM, 
maximum 
output voltage 
- 
- 
18 
V 


SR 
slew rate 
RL = 330 Q; 
40 
- 
- 
mAlJ.ls 


CL = 50 pF 


G,r 
transfer 
gain 
0.3 
- 
- 
S 


BRAKE 


VBM 
break-mode 
voltage at pin 8 
4<Vp<18V 
- 
- 
2.3 
V 


VOBM 
disable 
break-mode 
voltag.e 
4<Vp<18V 
2.7 
- 
- 
V 


'Be 
brake current at pin 8 
- 
-20 
30 
J.lA 


INM 
normal-mode 
current 
at pin 8 
- 
0 
- 
J.lA 


FG 


VOl. 
LOW level output voltage 
10= 1.6 mA 
- 
- 
0.4 
V 


VOHmax 
maximum 
HIGH level output 
Vp 
- 
- 
V 
voltage 


tTHL 
HIGH-ta-LOW 
transition 
time 
CL = 50 pF; 
- 
0.5 
- 
J.ls 


RL = 10 kQ 


ratio of FG frequency 
and 
- 
1 
- 
commutation 
frequency 


0 
duty factor 
- 
50 
- 
% 


CAP-ST 


II 
output 
sink current 
1.5 
2.0 
2.5 
J.lA 


10 
output source 
current 
-2.5 
-2.0 
-1.5 
J.lA 


VSWl 
LOW level switching 
voltage 
- 
0.20 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAPon 


II 
output sink current 
- 
28 
- 
J.lA 


1011 
HIGH level output source current 
- 
-57 
- 
J.lA 


101. 
LOW level output source current 
- 
-5 
- 
J.lA 


VSWL 
LOW level switching 
voltage 
- 
0.2 
- 
V 


VSWM 
MIDDLE 
level switching 
voltage 
- 
0.30 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


CAP-CD 


II 
ouput sink current 
10.6 
16.2 
22 
IlA 


10 
output source 
current 
-5.3 
-8.1 
-11 
IlA 


1/10 
ratio of sink to source current 
1.85 
2.05 
2.25 


VIL 
LOW level input voltage 
- 
875 
- 
mV 


VIH 
HIGH level input voltage 
2.3 
- 
2.5 
V 


CAP-DC 


II 
output 
sink current 
10.1 
15.5 
20.9 
IlA 


10 
output source 
current 
-20.9 
-15.5 
-10.1 
IlA 


1/10 
ratio of sink to source current 
0.9 
1.025 
1.15 


1. An unstabilized 
supply can be used. 


2. VVMOT= Vp, all other inputs at 0 V; all outputs at Vp and 
10 = 0 mA. 


3. SWitching levels with respect to driver outputs OUT-NA, 
NB, NC and OUT-PA, 
PB, PC. 


Fig.4 
Application 
diagram 
without 
use of the operational 
transconductance 
amplifier 
(OTA) with bipolar 
power 


transistors. 


Fig.5 
Application 
diagram 
without 
use of the operational 
transconductance 
amplifier 
(OTA) with MOS power 
transistors. 


Introduction 
(see Fig.6) 


Full-wave 
driving of a three phase motor requires 
three push-pull 
output stages. 
In each of the six possible 
states two 
outputs 
are active, one sourcing 
and one sinking current. The third output presents 
a high impedance 
to the motor 


which enables 
measurement 
of the motor EMF in the corresponding 
motor coil by the EMF comparator 
at each output. 


The commutation 
logic is responsible 
for control 
of the output transistors 
and selection 
of the correct 
EMF comparator. 


The zero-crossing 
in the motor EMF (detected 
by the comparator 
selected 
by the commutation 
logic) is used to 
calculate 
the correct 
moment 
for the next commutation, 
that is, the change 
to the next output state. The delay is 
calculated 
(depending 
on the motor loading) 
by the adaptive 
commutation 
delay block. 


The driver output stages are also protected 
by a current 
limiting circuit and by thermal 
protection. 


The zero-crossings 
can be used to provide 
speed information 
such as the tacho signal FG. 


The system 
will only function 
when the EMF voltage from the motor is present. 
Therefore, 
a start oscillator 
is provided 
that will generate 
commutation 
pulses when no zero-crossings 
in the motor voltage are available. 


A timing function 
is incorporated 
into the device for internal timing and for timing of the reverse rotation detection. 


The TDA5142T 
also contains 
an uncommitted 
transconductance 
amplifier 
(OTA) that can be used as a control 


amplifier. 
The output is capable 
of directly driving an external 
power transistor. 


The TDA5142T 
is designed 
for systems 
with low current consumption: 
use of 12L logic, adaptive 
base drive for the 
output transistors 
(patented). 


"U 


;= 
CD 
~ 
w;:; 
..., 
"6- 
;,- 
BD434 
10K 
C 
III 


<0 
,. 
U> 
U> 
<D 
+14 V 
:T 
CD 
'" 
lu 
+ 
(1) 
3 
47n 
r 


"-f 
1-----1" 
U> 
0 
U> 
:Ja. 


16 
6 
0 
c 
a 
S 


from 
47K 
en 


DAC 
VMOT 
30- 
0 


220n 
I 14 
I 
<:.TART_IIP 
I 
I 
I 
H 
I 
241 
~ 
I 
I 
..., 


......•..... 
c. 
..., 


MOTI 
<- 


18n 
I 


w",c"",,1L 


• lt~ 


(1) 


OUT-NA 
()..., 


18n 
() 
C 


.......~ ....~ 
::+ 


TEST 
LOGIC 
IOn 
I 
~ 
1 I 
I rrtl 


MOT2 


I 
~ 
FG 
9 
ROTA TlON 


'" 
to 
SPEED/ 


microprocessor 
DETECTOR 
OUTPUT 


+5 V 
STAGE 
.-. 
4 


I~MOT3 
~ 


19 
3 


I 
I 
I 
I 
0 
TDA5142T 
20 


"'T 


GND2 
11 


I 


~ 


I 
'f 
MOTO 
GNDl 
"U 


'T' 
~22 
-I 
a 


8 
a. 
0 
c 


MKAll7 
» 
U 
BRAKE 
'" 
01 
" 
-... 
~ 
~ 
~ 


Fig_6 Typical application of the TDA5142T as a scanner driver, with use of OTA_ 
I 
I 
I\) 
£ 
-I 
g- 
:J 


ADJUSTMENTS 


The system 
has been designed 
in such a way that the tolerances 
of the application 
components 
are not critical. 


However, 
the approximate 
values of the following 
components 
must still be determined: 


• The start capacitor; 
this determines 
the frequency 
of the start oscillator 


• The two capacitors 
in the adaptive 
commutation 
delay circuit; these are important 
in determining 
the optimum 
moment 
for commutation, 
depending 
on the type and loading 
of the motor 


• The timing capacitor; 
this provides 
the system with its timing signals 


• Three external, 
damping 
RC-combinations 
that can be used to reduce 
HF interference 
and acoustic 
noise from the 
motor 


THE STARTCAPACITOR(CAP-ST) 


This capacitor 
determines 
the frequency 
of the start oscillator. 
It is charged 
and discharged, 
with a current of 2 ~A, 


from 0.05 V to 2.2 V and back to 0.05 V. The time taken to complete 
one cycle is given by: 


!,tart = (2.15 x C) s (with C in ~F) 


The start oscillator 
is reset by a commutation 
pulse and so is only active when the system is in the start-up 
mode. A 


pulse from the start oscillator 
will cause the outputs 
to change 
to the next state (torque in the motor). 
If the movement 
of the motor generates 
enough 
EMF the TDA5142T 
will run the motor. If the amount 
of EMF generated 
is insufficient, 
then the motor will move one step only and will oscillate 
in its new position. 
The amplitude 
of the oscillation 
must 
decrease 
sufficiently 
before the arrival of the next start pulse, to prevent the pulse arriving 
during the wrong 
phase of 
the oscillation. 
The oscillation 
of the motor is given by: 


fose = 0.51lt x (~ x I X p/J)l/2 


where: 
~ = torque constant 
(N.m/A) 
I = current 
(A) 
p = number 
of magnetic 
pole-pairs 


J = inertia J (kg.m2) 


Example: 
J = 72 X 10-6 kg.m2, K = 25 x 10.3 N.m/A, p = 6 and I = 0.5 A; this gives fose = 5 Hz. If the damping 
is high 
then a start frequency 
of 2 Hz can be chosen or t = 500 ms, thus C = 0.5/2 = 0.25 ~F, (choose 
220 nF). 


THE ADAPTIVECOMMUTATIONDELAY(CAP-CD 
ANDCAP-DC) 


In this circuit capacitor 
CAP-CD 
is charged 
during one commutation 
period, with an interruption 
of the charging 
current 
during the diode pulse. During the next commutation 
period this capacitor 
(CAP-CD) 
is discharged 
at twice the 
charging 
current. 
The charging 
current 
is 8.1 ~A and the discharging 
current 
16.2 ~A; the voltage 
range is from 
0.9 to 2.2 V. The voltage 
must stay within this range at the lowest commutation 
frequency 
of interest, 
fC1: 


C = 8.1 x 10-6/ f x 1.3 = 6231/fc1 
(C in nF) 


If the frequency 
is lower, then a constant 
commutation 
delay after the zero-crossing 
is generated 
by the discharge 
from 2.2 to 0.9 Vat 
20 ~A. 


maximum 
delay = (0.076 x C) ms (witch C in nF) 


Example: 
nominal 
commutation 
frequency 
= 900 Hz and the lowest usable frequency 
= 400 Hz, so: 


CAP-CD 
= 6231/400 
= 15.6 (choose 
15 nF) 


The other capacitor, 
CAP-DC, 
is used to repeat the same delay by charging 
and discharging 
with 20 ~A. The same 
value can be chosen 
as for CAP-CD. 
Figure 7 illustrates 
typical voltage waveforms. 


voltage 
on CAP-CD 


voltage 


on CAP-DC 


THE TIMING CAPACITOR (CAP-TI) 


Capacitor 
CAP-TI 
is used for timing the successive 
steps within one commutation 
period; these steps include some 
internal delays. 


The most important 
function 
is the watchdog 
time in which the motor EMF has to recover from a negative 
diode-pulse 
back to a positive 
EMF voltage 
(or vice versa). A watchdog 
timer is a guarding 
function 
that only becomes 
active when 
the expected 
event does not occur within a predetermined 
time. 


The EMF usually 
recovers 
within a short time if the motor is running 
normally 
«<ms). 
However, 
if the motor is 
motionless 
or rotating 
in the reverse direction, 
then the time can be longer (»ms). 
A watchdog 
time must be chosen 
so that it is long enough 
for a motor without 
EMF (still) and eddy currents 
that may 
stretch the voltage 
in a motor winding; 
however, 
it must be short enough 
to detect reverse 
rotation. 
If the watchdog 
time is made too long, then the motor may run in the wrong direction 
(with little torque). 


The capacitor 
is charged, 
with a current of 57 llA, from 0.2 to 0.3 V. Above this level it is charged, 
with a current of 
5 llA, up to 2.2 V only if the selected 
motor EMF remains 
in the wrong polarity (watchdog 
function). 
At the end, or, if 
the motor voltage 
becomes 
positive, 
the capacitor 
is discharged 
with a current of 28 llA. The watchdog 
time is the time 
taken to charge the capacitor, 
with a current 
of 5 llA, from 0.3 to 2.2 V. The value of CAP-TI 
is given by: 


C = 5 x 10-6 x t.,/1.9 = 2.63 tm (C in nF; tin ms) 


Example: 
If after switching 
off, the voltage from a motor winding 
is reduced, 
in 3.5 ms, to within 20 mV (the offset of 
the EMF comparator), 
then the value of the required 
timing capacitor 
is given by: 


C = 2.63 x 3.5 = 9.2 (choose 
10 nF) 


Typical voltage 
waveforms 
are illustrated 
by Fig.8. 


voltoge 


on CAP- TI 


Note to Fig.S 


If the chosen 
value of CAP-TI 
is too small, then oscillations 
can occur in certain 
positions 
of a blocked 
rotor. If the 
chosen 
value is too large, then it is possible 
that the motor may run in the reverse direction 
(synchronously 
with little 
torque). 


Flyback 
pulses from the motor windings 
may cause HF interference 
and acoustic 
noise. The flyback pulses can be 
damped 
by RC-combinations 
in parallel with the motor windings. 
This reduces the HF interference; 
it also reduces the 
acoustic 
noise by several dB, depending 
on the motor construction. 


These damping 
components 
also have negative 
effects. They not only dissipate 
energy from the f1yback pulses, 
but 
also contribute 
to the overall energy consumption. 
Other negative 
effects are discussed 
below. 


One negative 
effect is the distortion 
of the motor EMF sensed 
by the comparators 
in the TDA5142T. 
This distortion 
may influence 
the correct functioning 
of the TDA5142T, 
for example, 
an (damped) 
oscillation 
occurring 
after the 
winding 
has been switched 
off. This oscillation 
must be critically 
(or over critically) 
damped, 
so that: 


R2 x C = 4 x L (L = inductance 
of one coil, Rand 
C for damping) 


A second 
requirement 
is that the effect of the damping 
components 
must be negligible 
by the time that the 


zero-crossing 
of the EMF is expected. 
This is because 
the remainder 
of the step (due to RC components) 
causes 
shifting of the zero-crossing. 
For a critically damped 
combination 
the voltage can be calculated 
as a negative 


exponential 
with 000 x t. 


Example: 
Commutation 
frequency 
= 900 Hz, so t = 1100 ~s, the time taken from the end of the diode pulse to the 
zero-crossing 
of the EMF will be approximately 
t = 440 ~s. If a damping 
voltage from 9 V to 3 mV is required, 
then the 


reduction 
is 3000-fold, 
or e exp-8 = e exp -<00 x t. This gives 
000 = 18180 rad/s. With L = 3 mH, C is found to be 


1.01 ~F (use 1 ~F) and R is found to be 109.1 0 (use 1000). 


A motor voltage of 7 V (peak-to-peak) 
at 150 Hz gives 3300 Vis, thus a 3 mV remainder 
shifts the zero-crossing 
1 ~s. 


Eddy currents 
will also contribue 
to this phase shift. A shift of 20 ~s corresponds 
with 0.18 degrees 
(mechanically) 
for a 


1500 rpm motor, or 0.1 mm on a VHS scanner 
drum. 


OTHER 
DESIGN 
ASPECTS 


There are other design aspects 
concerning 
the application 
of the TDA5142T 
besides 
the commutation 
function. 
They 


are: 


• Generation 
of the tacho signal FG 


• General 
purpose 
operational 
transconductance 
amplifier 
(OTA) 


• 
Possibilities 
of motor control 


• 
Reliability 


FG SIGNAL 


The FG signal is generated 
in the TDA5142T 
by using the zero-crossing 
of the motor EMF from the three motor 
windings 
and the commutation 
signal. 


Output 
FG switches 
from HIGH-ta-LOW 
on all zero crossings 
and from LOW-to-HIGH 
on all commutations. 
Output 
FG 


can source typically 
75 I1Aand sink more than 3 mA. 


Example: 
A three phase motor with 6 magnetic 
pole-pairs 
at 1500 rpm and with a full-wave 
drive has a commutation 
frequency 
of 25 x 6 x 6 = 900 Hz, and generates 
a tacho signal of 900 Hz. 


The Operational 
Transconductance 
Amplifier 
(OTA) 


The OTA is an uncommitted 
amplifier 
with a high output current 
(40 mAl that can be used as a control amplifier 
or as a 
level converter 
in a Switched 
Mode Power Supply (SMPS). 
The common 
mode input range includes 
ground 
(GND) 
and rises to Vp - 1.7 V. The high sinking current 
enables 
the OTA to drive a power transistor 
directly 
in an analog 
control amplifier 
or in a SMPS drive. 


Although 
the gain is not extremely 
high (0.3 S), care must be taken with the stability of the circuit if the OTA is used as 
a linear amplifier 
as no frequency 
compensation 
has been provided. 


The convention 
for the inputs (inverting 
or not) is the same as for a normal operational 
amplifier: 
with a resistor 
(as 
load) connected 
from the output 
(pin 18) to the positive supply, a positive-going 
voltage 
is found when the 


non-inverting 
input (pin 16) is positive 
with respect to the inverting 
input (pin 17). Confusion 
is possible 
because 
a 


'plus' input causes 
less current, 
and so a positive voltage. 


Motor 
Control 


DC motors can be controlled 
in an analog or digital (Pulse Width Modulation) 
manner, in either case the OTA may be 
used as follows: 


• With analog 
control an external 
control transistor 
is required. 
The OTA can supply the base current for this 
transistor 
and act as a control amplifier 
(see Fig.6). 


• With digital or PWM control an external 
switching 
transistor 
is necessary. 
The OTA can make the level translation 
and drive the power transistor 
(see Fig.9). 


A further aspect of motor control 
is current or voltage 
control; 
the TDA5142T 
is intended 
for voltage 
control 
applications. 
Both ground 
pins (3 and 10) must be connected 
externally. 
However 
the current from pin 10 can be 
considered 
as small and constant 
with respect to the current 
in the output stages. A resistor connected 
between 
pins 
3, 10 and ground 
can be used for current control. 
Care must be taken that the voltage on pins 3, 10 does not disturb 
the (digital) 
FG signal too much (this signal is added to the digital signal). 


An alternative 
method 
of voltage 
control is to increase 
the output 
impedance 
for a certain frequency, 
such as the 
commutation 
frequency; 
the circuit illustrated 
by Fig.6 uses this method. 
The low output impedance 
increases 
to 
approximately 
10 n at 900 Hz. This circuit diagram 
is an example 
of the application 
of the TDA5142T 
with a VTR 
scanner 
for a PAL recorder 
running at 1500 rpm. The input signal is a PWM 5 V signal. The FG signal is read by a 
microprocessor 
that runs the servo control 
program. 


A final aspect of motor control 
is braking; 
decreasing 
the speed to zero. No provisions 
have been made for this 


function: 


• 
If the voltage 
on pin 8 is less than 2.3 V the motor brakes. 


• 
If pin 8 is floating 
or if the voltage 
on pin 8 is greater than 2.7 V the motor runs normally. 


Reliability 


It is necessary 
to protect high current circuits and the output stages are protected 
in two ways: 


• Current 
limiting of the 'lower' output transistors. 
The 'upper' 
output transistors 
use the same base current 
as the 
conducting 
'lower' 
transistor 
(+15%). 
This means that the current to and from the output stages is limited. 


• Thermal 
protection 
is achived: 
the transistors 
are switched 
off when the local temperature 
becomes 
too high. 


Preliminary 
specification 


• 
Full-wave 
commutation 
(using 
push/pull 
drivers 
at the output 
stages) 
without 
position 
sensors 


• 
Built-in start-up 
circuitry 


• Three push-pull 
outputs: 


- 1.8 A output current 
- built-in current 
limiter 


• Thermal 
protection 


• Soft-switching 
outputs 


• 
Flyback diodes 


• Tacho output without 
extra sensor 


• 
Motor brake facility 


• 
Direction 
control 
input 


• 
Reset function 


• Transconductance 
amplifier 
for 
an external 
control transistor 


• 
General 
purpose 
spindle driver 
(e.g. HOD, tape drives) 


The TDA5145 
is a bipolar integrated 


circuit used to drive brush less DC 
motors 
in full-wave 
mode. The 
device senses 
the rotor position 
using an EMF-sensing 
technique 
and is ideally suited as a drive circuit 
for a hard disk drive motor or tape 
driver. 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNIT 


Vp 
supply voltage 
range; note 1 
4 
- 
18 
V 


Ip 
supply current 
range; note 2 
- 
4.9 
6.8 
mA 


VVMOT 
input voltage 
to the output 
1.7 
- 
16 
V 


driver stages 


Vo 
driver output voltage 
range; 
0.2 
- 
VYMOT 
V 


10 = 0 mA 
- 0.9 


ILiM 
current 
limiting 
1.45 
1.75 
2 
A 


Notes to the quick reference 
data 


1. An unstabilized 
supply can be used. 


2. VYMOT = Vp; 
+AMP IN and -AMP 
IN at 0 V; all outputs 
10 = 0 mA. 


ORDERING 
INFORMATION 


EXTENDED 
TYPE 
NUMBER 


PACKAGE 


PIN POSITION 


OIL 


PINS 


28 


CODE 


SOT117AG 


TRANS- 
CONDUCTANCE 


AMPLIFIER 


SYMBOL 
PIN 
DESCRIPTION 


MOT1 
1,2 
driver output 
1 


TEST 
3 
test inpuVoutput 


n.c. 
4 
not connected 


MOT2 
5, 6 
driver output 2 


VMOT 
7,8 
input voltage for the output driver stages 


BRAKE 
9 
brake input 


DIR 
10 
direction 
control 
input 


FG 
11 
frequency 
generator: 
output of the rotation speed and position 
detector 
stages 
(open 
collector 
digital output, 
negative-going 
edge is valid) 


GND2 
12 
ground supply return for control 
circuits 


Vp 
13 
positive supply voltage 


CAP-CD 
14 
external 
capacitor 
connection 
for adaptive 
communication 
delay timing 


CAP-DC 
15 
external 
capacitor 
connection 
for adaptive 
communication 
delay timing copy 


CAP-ST 
16 
external 
capacitor 
connection 
for start-up 
oscillator 


CAP-TI 
17 
external 
capacitor 
connection 
for timing 


+AMP IN 
18 
non-inverting 
input of the transconductance 
amplifier 


-AMP 
IN 
19 
inverting 
input of the transconductance 
amplifier 


n.c. 
20 
not connected 


RESET 
21 
reset input 


AMP OUT 
22 
transconductance 
amplifier 
output 
(open collector) 


MOT3 
23, 24 
driver output 3 


n.c. 
25 
not connected 


MOTO 
26 
input from the star point of the motor coils 


GND1 
27, 28 
ground (0 V) motor supply return for output stages 


FUNCTIONAL 
DESCRIPTION 


The TDA5145 
offers a sensorless 
three phase motor drive function. 
It 
is unique 
in its combination 
of 
sensorless 
motor drive and full-wave 
drive. The TDA5145 
offers protected 
outputs 
capable 
of handling 
high 
currents 
and can be used with star 
or delta connected 
motors. 
It can 
easily be adapted 
for different 
motors and applications. 
The 
TDA5145 
offers the following 
features: 


• 
Sensorless 
commutation 
by 
using the motor EMF 


• 
Built-in start-up circuit 


• Optimum 
commutation, 
independent 
of motor type or 
motor loading 


• 
Built-in flyback diodes 


• Three phase full-wave 
drive 


• 
High output current 
(1.8 A) 


• Outputs 
protected 
by current 
limiting and thermal 
protection 
of 
each output transistor 


• 
Low current consumption 
by 
adaptive 
base-drive 


• Soft-switching 
pulse output for 
low radiation 


• 
Accurate 
frequency 
generator 
(FG) by using the motor 
EMF 


• 
Direction 
of rotation 
controlled 
by 
one pin 


• 
Uncommitted 
operational 


transconductance 
amplifier 
(OTA), with a high output current, 
for use as a control amplifier 
or 
as a level shifter in a Switched 
Mode Power Supply 
(SMPS) 
drive 


• 
Brake function 


MOT1 
28 
GND1 


MOT1 
2 
27 
GND1 


TEST 
3 
26 
MaIO 


n.c. 
4 
25 
n.C. 


MOT2 
5 
24 
Man 


MOT2 
6 
23 
Man 


VMOT 
22 
AMP OUT 
TDA5145 


VMOT 
8 
21 
RESET 


BRAKE 
9 
20 
n.c. 


DIR 
10 
19 
-AMP 
IN 


FG 
11 
18 
+AMP 
IN 


GND2 
12 
17 
CAP-TI 


Vp 
13 
16 
CAP-ST 


CAP-CD 
14 
15 
CAP-DC 


MKA161 


Fig.2 
Pin configuration. 


LIMITING 
VALUES 


In accordance 
with the Absolute 
Maximum 
Rating System 
(IEC 134) 


SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 


Vp 
positive 
supply voltage 
- 
18 
V 


VI 
input voltage; 
all pins except 
-0.3 
Vp + 0.5 
V 
VMOT: VI < 18 V 


VVMOT 
VMOT input voltage 
-0.5 
17 
V 


Vo 
output voltage 
AMP OUT and FG 
GND 
Vp 
V 


Vo 
output voltage 
MOTO, MOT1, 
-1 
VVMOT+ 
V 
MOT2 and MOT3 
VD 


VI 
input voltage 
CAP-ST, CAP-TI, 
- 
2.5 
V 
CAP-CD 
and CAP-DC 


T,," 
storage 
temperature 
range 
-55 
+150 
°C 


Tamb 
operating 
ambient 
temperature 
0 
+70 
°C 
range 


P101 
total power dissipation 
- 
see Fig. 3 


Yes 
electrostatic 
voltage; 
see also 
- 
2000 
V 
handling 


Plot 
(w) 


3.5 
\ 


\ 
\ 


\\ 
\ 
\ 


Every pin withstands 
the ESD test 
according 
to MIL-STD-883C 
class 2. 


Method 3015 (HBM 1500 n. 100 pF) 
3 pulses + and 3 pulses - on each 
pin referenced 
to ground. 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 


Vp 
supply 
voltage 
range 
note 1 
4 
- 
18 
V 


Ip 
supply current 
range 
note 2 
- 
4.9 
6.8 
mA 


VVMOT 
input voltage to the driver output 
see Fig.1 
1.7 
- 
16 
V 


stages 


Thermal 
protection 


Tso 
local temperature 
at 
130 
140 
150 
°C 


temperature 
sensor causing 
shut-down 


~T 
reduction 
in temperature 
before 
after shut-down 
- 
Tso-30 
- 
K 
switch-on 


MOTO - centre 
tape 


VI 
input voltage 
range 
-0.5 
- 
VVMOT 
V 


II 
input bias current 
0.5 V < VI < 
-10 
- 
- 
).IA 


VVMOT-1.5 V 


Vcsw 
comparator 
switching 
level 
note 3 
±20 
±25 
±30 
mV 


~Vcs 
variation 
in threshold 
voltage 
note 3 
- 
- 
3 
mV 


between 
comparators 


VH 
comparator 
input hysteresis 
- 
75 
- 
).IV 


MOT1, MOT2 and MOT3 


Vo 
driver output voltage 
range 
10 = 100 mA 
0.4 
- 
VVMOT- 
V 


1.2 


Voo 
drop-out 
voltage 
10 = 1000 mA 
- 
- 
2 
V 


~VOL 
variation 
in saturation 
voltage 
10 = 100 mA 
- 
- 
180 
mV 


between 
lower transistors 


~VOH 
variation 
in saturation 
voltage 
10 = -100 
mA 
- 
- 
180 
mV 


between 
upper transistors 


ILiM 
current 
limiting 
lower transistor; 
1.45 
1.75 
2 
A 


VCE = 6 V 


~r 
transition 
time switching 
output 
VVMOT= 14.5 V; see 
5 
9 
15 
).Is 


Fig.5 


VOHF 
diode forward 
voltage 
(diode DH) 
10 = -500 
mA; notes 
- 
- 
1.5 
V 


4 and 5; see Fig.1 


VOLF 
diode forward 
voltage 
(diode DL) 
10 = 500 mA; notes 
-1.5 
- 
- 
V 


4 and 5; see Fig.1 


10M 
peak diode current 
note 5 
- 
- 
1 
A 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


+AMP IN and ·AMP IN 


VIAMP 
input voltage 
range 
-0.3 
- 
Vp-1.7 
V 


VIAMP 
differential 
mode voltage without 
- 
- 
±Vp 
V 
'latch-up' 


IB 
input bias current 
- 
- 
650 
nA 


C1 
input capacitance 
- 
4 
- 
pF 


VOFFSET 
input offset voltage 
- 
- 
10 
mV 


II 
output sink current 
40 
- 
- 
mA 


Vsa' 
saturation 
voltage 
II = 40 mA 
- 
1.5 
2.1 
V 


VOmax 
maximum 
output voltage 
- 
- 
18 
V 


SR 
slew rate 
RL= 330 Q; 
- 
60 
- 
mN).ls 


CL = 50 pF 


G" 
transfer 
gain 
0.3 
- 
- 
S 


DIR 


VIH 
normal 
rotation voltage at pin 5; 
4V<Vp<18V 
2.0 
- 
- 
V 


HIGH level 


VIL 
reverse 
rotation voltage 
at pin 5; 
4V<Vp<18V 
- 
- 
0.8 
V 


LOW level 


IlL 
reverse 
rotation current; 
LOW 
- 
-20 
- 
).lA 


level 


IIH 
normal 
rotation current; 
HIGH 
- 
-20 
- 
).lA 


level 


RESET 


V1H 
HIGH level input voltage 
in reset 
4V<Vp<18V 
2.0 
- 
- 
V 


mode 


VIL 
LOW level input voltage 
in 
4V<Vp<18V 
- 
- 
0.8 
V 


normal 
mode 


IlL 
LOW level input current 
VI = 2.0 V 
- 
-20 
- 
).lA 


I'H 
HIGH level input current 
VI = 0.8 V 
- 
-20 
- 
).lA 


BRAKE 


V1H 
HIGH level input voltage 
in 
4V<Vp<18V 
2.0 
- 
- 
V 


brake mode 


VIL 
LOW level input voltage 
in 
4V<Vp<18V 
- 
- 
0.8 
V 


normal 
mode 


IlL 
LOW level input current 
VI = 2.0 V 
- 
-20 
- 
).lA 


IIH 
HIGH level input current 
VI = 0.8 V 
- 
-20 
- 
).lA 


FG 


VOL 
LOW level output voltage 
10 = 1.6 mA 
- 
- 
0.4 
V 


VOHmax 
maximum 
HIGH level output 
Vp 
- 
- 
V 
voltage 


tTHL 
HIGH-to-LOW 
transition 
time 
CL = 50 pF; 
- 
0.5 
- 
).ls 


RL = 10 kQ 


SYMBOL 
PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


FG 


ratio of FG frequency 
and 
- 
1 : 2 
- 
commutation 
frequency 


0 
duty factor 
- 
50 
- 
% 


CAP-ST 


II 
output 
sink current 
1.5 
2.0 
2.5 
IlA 


10 
output source 
current 
-2.5 
-2.0 
-1.5 
IlA 


VSWL 
LOW level switching 
voltage 
- 
0.20 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAP-TI 


II 
output 
sink current 
- 
28 
- 
IlA 


IOH 
HIGH level output source current 
- 
-57 
- 
IlA 


10l 
LOW level output source current 
- 
-5 
- 
IlA 


VSWL 
LOW level switching 
voltage 
- 
50 
- 
mV 


VSWM 
MIDDLE 
level switching 
voltage 
- 
0.30 
- 
V 


VSWH 
HIGH level switching 
voltage 
- 
2.20 
- 
V 


CAP-CD 


II 
ouput sink current 
10.6 
16.2 
22 
IlA 


10 
output 
source current 
-5.3 
-8.1 
-11 
IlA 


1/10 
ratio of sink to source current 
1.85 
2.05 
2.25 


V1L 
LOW level input voltage 
0.85 
- 
0.9 
V 


VIH 
HIGH level input voltage 
2.3 
2.4 
2.55 
V 


CAP-DC 


II 
output 
sink current 
10.1 
15.5 
20.9 
IlA 


10 
output 
source current 
-20.9 
-15.5 
-10.1 
IlA 


1/10 
ratio of sink to source current 
0.9 
1.025 
1.15 


1. An unstabilized 
supply can be used. 


2. VVMOT= Vp, all other inputs at 0 V; all outputs at Vp and 
10 = 0 mA. 


3. Switching 
levels with respect 
to MOT1, MOT2 and MOT3; see also Fig.4. 


4. Drivers are in the high-impedance 
OFF-state. 


5. The outputs 
are short-circuit 
protected 
by limiting the current 
and the Ie temperature. 


MOT 1, MOT2 and Man 
comparator 
threshold 
voltages 


11 
12 
13 
14 


18n 


Vp 


I10u 
FG 
I 


t.lKA164 


(1) 
Value selected 
for 3 Hz start-up oscillator 
frequency 


Introduction 
(see Fig.7) 


Full-wave 
driving 
of a three phase motor requires 
three push-pull 
output stages. 
In each of the six possible 
states two 
outputs 
are active, 
one sourcing 
and one sinking current. The third output presents 
a high impedance 
to the motor 


which enables 
measurement 
of the motor EMF in the corresponding 
motor coil by the EMF comparator 
at each output. 


The commutation 
logic is responsible 
for control of the output transistors 
and selection 
of the correct 
EMF comparator. 


The zero-crossing 
in the motor EMF (detected 
by the comparator 
selected 
by the commutation 
logic) is used to 
calculate 
the correct 
moment 
for the next commutation, 
that is, the change 
to the next output state. The delay is 
calculated 
(depending 
on the motor loading) 
by the adaptive 
commutation 
delay block. 


Because 
of high inductive 
loading the output stages contain flyback diodes. The output stages are also protected 
by a 


current 
limiting circuit and by thermal 
protection 
of the six output transistors. 


The zero-crossings 
can be used to provide 
speed information 
such as the tacho signal FG. 


The system 
will only function 
when the EMF voltage from the motor is present. 
Therefore, 
a start oscillator 
is provided 
that will generate 
commutation 
pulses when no zero-crossings 
in the motor voltage are available. 


A timing function 
is incorporated 
into the device for internal timing and for timing of the reverse rotation 
detection. 


The TDA5145 
is designed 
for systems 
with low current 
consumption: 
use of 12L logic, adaptive 
base drive for the 
output transistors 
(patented). 


ADJUSTMENTS 


The system 
has been designed 
in such a way that the tolerances 
of the application 
components 
are not critical. 


However, 
the approximate 
values of the following 
components 
must still be determined: 


• The start capacitor; 
this determines 
the frequency 
of the start oscillator 


• The two capacitors 
in the adaptive 
commutation 
delay circuit; these are important 
in determining 
the optimum 
moment 
for commutation, 
depending 
on the type and loading 
of the motor 


• The timing capacitor; 
this provides 
the system with its timing signals 


• Three external, 
damping 
RC-combinations 
that can be used to reduce HF interference 
and acoustic 
noise from the 


motor 


THE STARTCAPACITOR(CAP-ST) 


This capacitor 
determines 
the frequency 
of the start oscillator. 
It is charged 
and discharged, 
with a current of 2 J.IA, 
from 0.05 V to 2.2 V and back to 0.05 V. The time taken to complete 
one cycle is given by: 


t.lart= (2.15 x C) s (with C in J.IF) 


The start oscillator 
is reset by a commutation 
pulse and so is only active when the system 
is in the start-up 
mode. A 
pulse from the start oscillator 
will cause the outputs to change 
to the next state (torque in the motor). 
If the movement 
of the motor generates 
enough 
EMF the TDA5145 
will run the motor. If the amount 
of EMF generated 
is insufficient, 
then the motor will move one step only and will oscillate 
in its new position. 
The amplitude 
of the oscillation 
must 


decrease 
sufficiently 
before the arrival of the next start pulse, to prevent the pulse arriving 
during the wrong 
phase of 
the oscillation. 
The oscillation 
of the motor is given by: 


fose = 0.5ht X (K, x I x p/J)112 


where: 
K, = torque constant 
(N.m/A) 
I = current 
(A) 
p = number 
of magnetic 
pole-pairs 
J = inertia J (kg.m2) 


Example: J = 72 X 10-6kg.m2, K = 25 X 10-3 N.m/A, p = 6 and I = 0.5 A; this gives fose = 5 Hz. If the damping 
is high 
then a start frequency 
of 2 Hz can be chosen 
or t = 500 ms, thus C = 0.5/2 = 0.25 J.IF,(choose 220 nF). 


THE ADAPTIVECOMMUTATIONDELAY(CAP-CD 
ANDCAP-DC) 


In this circuit capacitor 
CAP-CD 
is charged 
during one commutation 
period, with an interruption 
of the charging 
current 
during the diode pulse. During the next commutation 
period this capacitor 
(CAP-CD) 
is discharged 
at twice the 
charging 
current. 
The charging 
current 
is 8.1 J.IAand the discharging 
current 
16.2 J.IA;the voltage 
range is from 
0.9 to 2.2 V. The voltage 
must stay within this range at the lowest commutation 
frequency 
of interest, 
fc,: 


C = 8.1 x 10.6/ f x 1.3 = 6231/fC1 
(C in nF) 


If the frequency 
is lower, then a constant 
commutation 
delay after the zero-crossing 
is generated 
by the discharge 
from 2.2 to 0.9 V at 16.2 J.IA. 


maximum 
delay = (0.076 x C) ms (witch C in nF) 


Example: 
nominal 
commutation 
frequency 
= 900 Hz and the lowest usable frequency 
= 400 Hz, so: 


CAP-CD = 6231/400 
= 15.6 (choose 
18 nF) 


The other capacitor, 
CAP-DC, 
is used to repeat the same delay by charging 
and discharging 
with 20 1lA. The same 
value can be chosen 
as for CAP-CD. 
Figure 8 illustrates 
typical voltage waveforms. 


voltoge 
on CAP-DC 


THE TIMING 
CAPACITOR 
(CAP-TI) 


Capacitor 
CAP-TI 
is used for timing the successive 
steps within one commutation 
period; these steps include 
some 
internal 
delays. 


The most important 
function 
is the watchdog 
time in which the motor EMF has to recover from a negative 
diode-pulse 
back to a positive 
EMF voltage 
(or vice versa). A watchdog 
timer is a guarding 
function 
that only becomes 
active when 
the expected 
event does not occur within a predetermined 
time. 


The EMF usually 
recovers 
within a short time if the motor is running 
normally 
«<ms). 
However, 
if the motor is 
motionless 
or rotating 
in the reverse direction, 
then the time can be longer (»ms). 


A watchdog 
time must be chosen 
so that it is long enough 
for a motor without 
EMF (still) and eddy currents 
that may 
stretch the voltage 
in a motor winding; 
however, 
it must be short enough to detect reverse 
rotation. 
If the watchdog 
time is made too long, then the motor may run in the wrong direction 
(with little torque). 


The capacitor 
is charged, 
with a current of 57 /lA, from 0.2 to 0.3 V. Above this level it is charged, 
with a current of 
5 /lA, up to 2.2 V only if the selected 
motor 
EMF remains 
in the wrong polarity (watchdog 
function). 
At the end, or, if 
the motor voltage 
becomes 
positive, 
the capacitor 
is discharged 
with a current of 28 /lA. The watchdog 
time is the time 
taken to charge the capacitor, 
with a current 
of 5/lA, 
from 0.3 to 2.2 V. The value of CAP-TI 
is given by: 


C = 5 x 10-6 x t,,/1.9 = 2.63 tm (C in nF; tin ms) 


Example: 
If after switching 
off, the voltage 
from a motor winding 
is reduced, 
in 3.5 ms, to within 20 mV (the offset of 
the EMF comparator), 
then the value of the required 
timing capacitor 
is given by: 


C = 2.63 x 3.5 = 9.2 (choose 
10 nF) 


voltoge 


on CAP- TI 


Note to Fig. 9 


If the chosen 
value of CAP-TI 
is too small, then oscillations 
can occur in certain positions 
of a blocked 
rotor. If the 
chosen 
value is too large, then it is possible 
that the motor may run in the reverse direction 
(synchronously 
with little 
torque). 


THE 
EXTERNAL 
DAMPING 
COMPONENTS 


Flyback 
pulses from the motor windings 
may cause HF interference 
and acoustic 
noise. The f1yback pulses can be 
damped 
by RC-combinations 
in parallel with the motor windings. 
This reduces the HF interference; 
it also reduces the 


acoustic 
noise by several 
dB, depending 
on the motor construction. 


These damping 
components 
also have negative 
effects. They not only dissipate 
energy from the f1yback pulses, 
but 
also contribute 
to the overall energy consumption. 
Other negative 
effects are discussed 
below. 


One negative 
effect is the distortion 
of the motor EMF sensed 
by the comparators 
in the TDA5145. 
This distortion 
may 
influence 
the correct functioning 
of the TDA5145, 
for example, 
an (damped) 
oscillation 
occurring 
after the winding 
has 


been switched 
off. This oscillation 
must be critically 
(or over critically) 
damped, 
so that: 


R2 x C = 4 x L (L = inductance 
of one coil, Rand 
C for damping) 


A second 
requirement 
is that the effect of the damping 
components 
must be negligible 
by the time that the 
zero-crossing 
of the EMF is expected. 
This is because 
the remainder 
of the step (due to RC components) 
causes 
shifting of the zero-crossing. 
For a critically 
damped 
combination 
the voltage can be calculated 
as a negative 
exponential 
with 
Wo x t. 


Example: 
Commutation 
frequency 
= 900 Hz, so t = 1100 lls, the time taken from the end of the diode pulse to the 
zero-crossing 
of the EMF will be approximately 
t = 440 llS. If a damping 
voltage from 9 V to 3 mV is required, 
then the 


reduction 
is 3000-fold, 
or e exp-8 = e exp -wo x t. This gives 
Wo = 18180 rad/s. With L = 3 mH, C is found to be 
1.01 llF (use 1 llF) and R is found to be 109.1 0 (use 1000). 


A motor voltage 
of 7 V (peak-to-peak) 
at 150 Hz gives 3300 Vis, thus a 3 mV remainder 
shifts the zero-crossing 
1 lls. 
Eddy currents 
will also contribue 
to this phase shift. A shift of 20 lls corresponds 
with 0.18 degrees 
(mechanically) 
for 
a 1500 rpm motor, or 0.1 mm on a VHS scanner drum. 


There are other design aspects 
concerning 
the application 
of the TDA5140A 
besides the commutation 
function. 
They 


are: 


• Generation 
of the tacho signal FG 


• 
Possibilities 
of motor control 


• 
Preposition 
input 


• 
Direction 
input 


• 
Brake input 


• 
Reliability 


FG SIGNAL 


The FG signal is generated 
in the TDA5145 
by using the zero-crossing 
of the motor EMF from the three motor 
windings. 
Every zero-crossing 
in a (star connected) 
motor winding 
is used to toggle the FG output signal. The FG 
frequency 
is therefore 
half the commutation 
frequency. 
All transitions 
indicate the detection 
of a zero-crossing 
(except 
for PG). The negative-going 
edges are called FG pulses because 
they generate 
an interrupt 
in a controlling 
microprocessor. 


The accuracy 
of the FG output signal Uitter) is very good. This accuracy 
depends 
on the symmetry 
of the motor's 
electromagnetic 
construction, 
which also effects the satisfactory 
functioning 
of the motor itself. 


Example: 
A three phase motor with 6 magnetic 
pole-pairs 
at 1500 rpm and with a full-wave 
drive has a commutation 


frequency 
of 25 x 6 x 6 = 900 Hz, and generates 
a tacho signal of 450 Hz. 


Direction 
input 


If the voltage 
at pin 10 is less than 0.8 V, the motor is running 
in one direction 
(depending 
on the motor connections). 
If 
the voltage 
at pin 10 is higher than 2.0 V, the motor is running 
in the other direction. 


Brake function 


If the voltage 
at pin 9 is higher than 2.0 V, the motor brakes. 
In that condition, 
the 3 outputs 
MOT1 , MOT2 and MOT3 
are forced at a LOW voltage 
level and the current 
limitation 
is done internally 
by the sink drivers. 


Test function 


It is possible 
to turn off the three outputs 
by forcing 
a current 
of 600 llA into pin 3 (see Fig.1 0). 
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TDA5145 


Reset function 


If the voltage 
at pin 21 is higher than 2.0 V, the output states are: 


• 
MOT1 - FLOATING 
(F) 


• 
MOT2 - LOW (L) 


• 
MOT3 - HIGH (H) 


OIR 
RESET 
MOn 
MOT2 
MOT3 
FUNCTION 


H 
H 
F 
L 
H 
reset 


H 
L 
F 
L 
H 
normal direction 
mode 


H 
L 
H 
L 
F 
sequence 


H 
L 
H 
F 
L 


H 
L 
F 
H 
L 


H 
L 
L 
H 
F 


H 
L 
L 
F 
H 


L 
H 
H 
L 
F 
reset 


L 
L 
H 
L 
F 
reverse direction 
mode 


L 
L 
F 
L 
H 
sequence 


L 
L 
L 
F 
H 


L 
L 
L 
H 
F 


L 
L 
F 
H 
L 


L 
L 
H 
F 
L 


BRAKE 
TEST 
RESET 
FUNCTION 


L 
L 
L 
normal 


L 
L 
H 
reset 


L 
H 
L 
test 


L 
H 
H 
test 


H 
L 
L 
brake 


H 
L 
H 
brake 


H 
H 
L 
brake 


H 
H 
H 
brake 
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NE5044 


NE630 


Programmable 
seven-channel 
RC encoder 
. . . . . . . . 939 


Single-pole double-throw 
switch ..............•.....•.... 
945 


DESCRIPTION 
The NE5044 is a programmable 
parallel 
input, serial output pulse width encoder. A 
multiplexed 
dual linear ramp technique is 
used to allow up to 7 inputs to be converted 
to a serial pulse width modulated 
signal with 
excellent linearity and minimal crosstalk. 
Fixed or variable frame rates can be used, 
externally controlled, 
for ease of 
demodulation. 
An on-board 5V regulator 
eliminates power supply sensitivities and 
provides up to 20mA current capability for 
driving external loads. 


• 3 to 7 channels, externally 
selectable 


• Constant-current 
dual linear ramp for 
linearity better than 0.3% 


• Internal voltage regulator for low drift 


• Wide supply range 4.5-12V 


• Fixed or variable frame rate set by external 
RC 


• External control for channel gain or range 


• Versatile applications: 
exponential 
rates, 
mixing, dual rate, reversing, etc. 


• Compatible with all transmission 
mediums 


PARALLEL 
INPUTS 
vn 


• Radio-controlled 
aircraft, cars, boats, trains 


• Industrial controllers 


• Remote-controlled 
entertainment 
systems 


• Security systems 


• Instrumentation 
recorders/controls 


INPUT 1 
1 
vcc 


VREG 


mpxCAP 


SET RES 


RANGE 


SER. OUTPUT 


OUTRC 


GND 
8 
9 
FR RC 


• Remote analog/digital 
data transmission 


• Automotive 
sensor systems 


• Robotics 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


16-Pin Plastic SO Package 
o to +70'C 
NE5044D 


16-Pin Plastic DIP 
o to +70'C 
NE5044N 


SYMBOL 
PARAMETER 
RATING 
UNIT 


Vcc 
Supply voltage 
13 
V 


lOUT 
Regulator output current 
-25 
mA 


Serial output peak current 
30 
mA 


Constant-current 
generator 
-1 
mA 


Parallel inputs, range input 
O-VREG 
V 


One-shot input, frame generator 
input 
O-VREG 
V 


TA 
Operating temperature 
range 
o to +70 
'C 


TSTG 
Storage temperature 
range 
-65 to +150 
'c 


DC ELECTRICAL 
CHARACTERISTICS 
Test Conditions TA = 25'C Vce=10V using Test Circuit, unless otherwise stated. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
LIMITS 
I 
UNIT 


Min 
Typ 
Max 
I 
Power supply requirements 


vee 
Power supply voltage range 
4.5 
12 
V 


Ice 
Power supply current 
Excluding control pots and serial 
11 
15 
mA 
output currents 


Voltage regulator 


VREG 
Output voltage 
4.5 
5.0 
5.5 
V 


lOUT 
Output current 
VR"4.5V 
-20 
mA 


Line regulation 
7<Vee,;;12 
0.005 
0.02 
VN 
Multiplexer 


IIN 
Input current 
Vn=25V 
+30 
+200 
nA 


V1N 
Input voltage range 
Vn-VRange>0.75V 
1.5 
5 
V 


Crosstalk 
+1 
+5 
l!s 


AC ELECTRICAL CHARACTERISTICS 
Test conditions TA=25°C, Vcc=10V 
using Test Circuit, unless otherwise stated. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
I 
LIMITS 
I 
UNIT 
I Min 
Typ 
Max 


Output pulse 


tn 
Position 
RIo CMux=1.25ms 
1350 
1500 
1650 
Vn=0.5VREG; VRANGE=0.2VREG 
f!s 


Position linearity error 
5 
f!s 


Position tempco 
O°C 5 TA$70°C 
0.15 
f!s/oC 


Position PSR 
6V5Vcc 512V 
0.5 
1 
f!slV 


to 
Width 
RoCo=300f!s 
240 
285 
330 
f!s 


Saturation voltage 
10~25mA 
0.6 
1 
V 


111 
Leakage current 
0.05 
50 
f!A 


RI 
Range input voltage 
RI=50kQ 
0.75 
V 


R1=25kQ 
1.00 
V 


Frame time (fixed) 
RFCF=30ms 
17 
20 
23 
ms 


Inhibit threshold 
0.4 
V 


2.0 


.l 


Ii 


1.5 


c 
•... 


1.0 


Output 
Saturation 
Voltage 
vs 
Output 
Current 


iJi~ 
o 
.5 
> 
W 
(.) 
> 


I 


...•...• 


"'\ 
" 


;;:200 


~100 
5 50 


CONTROL 
POTS 
25kn 


CIRCUIT 
OPERATION 


The NE5044 is a programmable 
parallel 
input, serial output encoder containing 
all the 
active circuitry necessary to generate a 
precise pulse width modulated 
signal with 3 
to 7 channels. The number of channels is 
externally programmable 
by grounding 


unused control inputs. A multiplexed 
dual 
linear ramp technique 
is used to provide 
excellent linearity, minimal crosstalk and low 
temperature 
drift. An on-board 5V regulator 


eliminates power supply sensitivities 
and has 
up to 20mA current capability for driving 
external loads. The encoder can be used in 
the fixed-frame 
mode or, with the addition of 


one external NPN transistor, as a 
variable-frame 
encoder. 


The multiplexer functions as a strobed 
voltage-follower 
so that each input, when 


active, appears as a high-impedance 
input 


(> 1MQ) and transfers the input voltage to the 
output. Only one of the seven inputs is active 
at any time and when a given input is 
inactive, it appears as an open circuit. The 
high-impedance 
multiplexer inputs eliminate 


loading on control inputs and simplify mixing 


16 
4.7}lF 
I 


15 
VR 
O.47~ 


-= 
14 
O.047!J. 


CMUXr 
22kn 


MYLAR: 1% 


NE5044 


7 CHANNEL 


ENCODER 


circuits where several controls may be mixed 
onto one input. 


Channel 4, 5, 6 and 7 inputs may also be 
used to select the desired number of output 
pulses by grounding one or more of these 
pins. That is, by grounding 
Pin 4 (Channel 4 
input) only the first three inputs of the 
encoder will be used and a 3-channel 
encoder results. Grounding Pin 5 results in a 
4-channel encoder, and so on. Thus, any 
number of channels between 3 and 7 may be 
selected. Internal voltage clamping prevents 
encoder malfunction 
if any input is shorted to 


supply, ground or open-circuited. 
The 


remaining channels will continue to be 
encoded except as noted above. This feature 
eliminates catastrophic 
failures due to control 


pot open- or short-circuits. 
The constant-current 
generator is a 
bidirectional 
current source whose current is 
set by an external resistor Rr, where: 


VR 


Ie = ± 2R, 


The current generator alternately charges 
and discharges 
the capacitor CMUX.An 


internal feedback loop maintains a constant 
current and very high output impedance. 
This 
yields a typical linearity error of voltage input 
to pulse width output for the encoder of less 
than 0.1 %. An external capacitor, Cr, is 
required to insure stability of the feedback 
loop. 


Two high gain comparators, 
C1 and C2, 
compare the voltage across CMUXwith the 
multiplexer output voltage and the range input 
voltage. The input bias currents and offset 
voltages of these comparators 
are sufficiently 


low so as to not influence the overall 
accuracy of the encoder. The comparators 
feed the counter control logic which in turn 
controls the counter and current generator. 
The operation of this loop is as follows: When 
lc is positive (sourced from the current 
generator into CMUX)the capacitor linearly 
charges up until it reaches a voltage equal to 
the multiplexer 
output voltage; assume this to 


be the voltage at Pin 1, V1 . At this time the 
output of C 1 goes high, which reverses the 
direction of Ie (sinking into current generator 
from CMUX).CMUXnow linearly discharges 
until it reaches the voltage set on Pin 12, 


VRANGE.At this time the output of C2 goes 
high, which again reverses the polarity of Ic, 
clocks the counter, and triggers the output 
one-shot. CMUXagain charges up but now C 1 
goes high when CMUXreaches V2, the 
voltage on Pin 2. The resulting voltage 
waveform on CMUXis a triangle wave whose 
positive peaks correspond 
to the voltages on 
Pins 1 through 7 for the first through seventh 
peaks and whose negative peaks are 
constant and equal to VRANGE.This waveform 
is shown in the first portion of Figure 1. 


Independent 
control of Ic and VRANGEallows 
the encoder to be tailored to virtually any 
combination 
of input voltage changes and 


output pulse width changes. The functional 
relationships 
between these variables will be 
defined in the next section. 


The frame generator 
controls the encoder 


frame time. It can operate as an astable or 
monostable multivibrator 
whose period is 
0.66xRFCF. The encoder will generate a 
synchronizing 
pulse at the end of each frame. 
When CMUXreaches the seventh positive 
peak it reverses and discharges 
to VRANGE. 


The counter is clocked to the state where 00 
is high when VCMUX=VRANGE.CMUXagain 
charges up, but now the output of C1 is 
ignored, due to 00 being high, and charges 
up to VCLAMPand remains there. The encoder 
will remain in this state until a pulse from the 
frame generator is received. If RF and CF are 
connected as shown in the Block Diagram, 
then the frame generator 
operates in the 
astable mode, producing a narrow pulse 
output. This pulse allows CMUXto start 
discharging 
again. When CMUXreaches 
VRANGE,the counter is clocked to the state 
where 01 is high (channel 
1) and the entire 
process starts over. The frame period in this 
mode is 0.66xRFCF and is referred to as the 
fixed-frame 
mode. The variable-frame 
mode 
will be discussed in the application 
section. 


The output one-shot generates a positive 
pulse whose width is equal to RoCo. The 
output is an open-collector, 
NPN transistor 


capable of sinking 25mA. This configuration 
allows the encoder to drive a wide variety of 
RF stages as well as providing current pulses 
in 2-wire communications 
applications. 


ENCODER 
DESIGN 
EQUATIONS 
The triangular waveform 
on CMUXhas a fixed 


slope (constant current) and variable positive 
peak voltages. The time between the 


negative peaks of CMUX,which is equal to the 
output period for that channel, is given by: 


2 (Vn - 
VRANGE) 
CMUX 


tn::: 
Ie 


Ic is given by: 


Ic=~ 
> 
2R, 


where VR=Reference Voltage. 


Additionally, 
Vn, the voltage on Pin n, which is 


the control voltage for Channel n, is typically 
the wiper voltage on a pot connected 
between VR and ground. Thus Vn=XnVR. 


VRANGEis also derived from VR so that 
VRANGE=YVR· The resulting channel time 
period is: 


t 
n = 2 (Xn - 
Y) 
VR· CMUX 


(VR 
/ 
2R,) 


I tn = 4R, CMux (Xn - 
Y) 


Thus, each channel pulse width, tn, is 
independent 
of supply voltage and depends 


only on external passive components. 


The conversion 
rate, CR, for each channel is 
the change in output period, t.tn, divided by 
the change in input voltage for that channel, 
t.Vn· 


CR 
= 
11 tn 
= 
11 tn 
= 4 R, CMUX 
11 Vn 
11 Xn 


In most applications, 
the input variable Xn will 
have some neutral or center value about 
which it will vary, thus Xn = Xo + Xn, 


and 


Where Xo is the neutral value for X and is 
assumed to be the same for all n. Now 


If we let tNEUTRAL=4R1CMUX (Xo• Y) be the 
neutral value for tn, then 


Consider the following example to see how 
these design equations are used. 


tNEUTRAL=1.5ms 


Xo=0.5-Control 
pot in center at 


tn=tNEuTRAL 


t.xn=±0.1-Control 
pot resistance varies 


±10% (of total resistance) around neutral. 
This should include mechanical 
trim if used. 


t.tn=±O·5ms 


For this example, the conversion 
rate is 


CR = 
11 tn 
0.5ms 
= 5ms 


11 Xn 
= OT 


4RICMUX=5ms. 


If we let CMux=0.04 7~F then 


5ms 
R,=----- 
4 X 0.047flF 


and 


tNEUTRAL=1.5ms=4RICMUX(Xo· Y) 


Y = 0 5 - 
1.5ms 
= 0 2 
. 
5ms 
. 


The output pulse width is given by 


Io=RoCo 


so if 1o=330~s and Co=0.01~F 
then 


Ro = 330flS 
= 33kQ 


0.01flF 


The frame time constant, tF, is given by 


tF=0.66 RFCF. 


If tF=20ms and CF=0.47~F 


RF = 
20ms 
= 62k 


0.66X0.47flF 


Figure 2 shows the external connections 
for 
this example. 


It should be noted that the temperature 
stability of all the encoded times depend on 
the temperature 
coefficients of the respective 


external Rc time constants. 
No internal 


temperature 
compensation 
is used on the 


chip. The typical temperature 
sensitivity of tn 


using wirewound 
resistors and polycarbonate 


capacitors 
is less than 100ppm/oC in the 
-20°C to +70°C temperature 
range. For the 
above example, this corresponds 
to a change 
in tn of ±7.5~s for a change in temperature 
of 
±50°C. 
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Philips 
Semiconductors-Signetics 
RF Communications 
Products 


DESCRIPTION 
The NE630 is a wide band RF switch 
fabricated 
in BiCMOS technology 
and 


incorporating 
on-chip CMOSfTTL compatible 
drivers. 
Its primary function is to switch 


signals in the frequency 
range DC - 1GHz 


from one son channel to another. 
The switch 


is activated by a CMOS/TIL 
compatible 
signal applied to the enable channel 1 pin 
(ENCH1). 


The extremely low current consumption 
makes the NE/SA630 ideal for portable 
applications. 
The excellent isolation and low 


loss makes this a suitable replacement 
for 


PIN diodes. 


The NE/SA630 is available in an 8-pin dual 
in-line plastic package and an 8-pin SO 
(surface mounted miniature) package. 


FEATURES 


-Wideband 
(DC - 1GHz) 


-Low 
through loss (1dB typical at 200MHz) 


-Unused 
input is terminated internally in son 


-Excellent 
overload capability (1dB gain 


compression 
point +18dBm at 300MHz) 


-Low 
DC power (17011Afrom SV supply) 


-Fast 
switching (20ns typical) 


-Good 
isolation (off channel isolation 60dB at 


100MHz) 


-Low 
distortion (IP3 intercept +33dBm) 


-Good 
son match (return loss 18dB at 


400MHz) 


-Full 
ESD protection 


-Bidirectional 
operation 


DESCRIPTION 
TEMPERATURE 
RANGE 
ORDER CODE 


8-Pin Plastic DIP 
o to 70°C 
NE630N 


8-Pin Plastic SO (Surface-mount) 
o to 70°C 
NE630D 


8-Pin Plastic DIP 
-40 to +8SoC 
SA630N 


8-Pin Plastic SO (Surface-mount) 
-40 to +8SoC 
SA630D 


. 
..""~,----- 
.' / 
'. 
----i-~ 
. 
INPUT/OU~PUT' 
• 
,, 
••...,...:.'----- 
.. - 
, '" 


ENCH, 


SYMBOL 
PARAMETER 
RATING 
UNITS 


Voo 
Supply voltage 
-o.S to +S.S 
V 


Power dissipation, 
TA = 2SoC (still air) 1 


Po 
8-Pin Plastic DIP 
1160 
mW 


8-Pin Plastic SO 
780 
mW 


TJMAX 
Maximum operating junction temperature 
1S0 
°C 


PMAX 
Maximum power inpuVoutput 
+20 
dBm 


T5m 
Storage temperature 
range 
-6S to +1S0 
°C 


D and N Packages 
VDDDa 
OUT, 


GND 
2 
7 
AC GND 


INPUT 
3 
6 
GND 


ENCH1 
4 
5 
OUT 2 


-Digital 
transceiver front-end switch 


-Antenna 
switch 


-Filter 
selection 


-Video 
switch 


-FSK 
transmitter 


NOTES: 
1. 
Maximum dissipation 
is determined 
by the operating ambient temperature 
and the thermal resistance, 
9JA: 
8-Pin DIP: 
9JA = 108°CIW 


8-Pin SO: 
9JA = 1S8°CIW 


SYMBOL 
PARAMETER 
RATING 
UNITS 


VDD 
Supply voltage 
3.0 to 5.5V 
V 


Operating 
ambient temperature 
range 
TA 
NE Grade 
o to +70 
°C 
SA Grade 
-40 to +85 
°C 


Operating junction temperature 
range 
TJ 
NE Grade 
o to +90 
°C 
SA Grade 
-40 to +105 
°C 


DC ELECTRICAL 
CHARACTERISTICS 


VDD= +5V, T A = 25°C; unless otherwise 
stated. 


f-----o 
OUT 
1 


20kn 


son 


AC BYPASS 


soo 
I 


20kn 
f-----o 
OUT2 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA630 
UNITS 


MIN 
TYP 
MAX 


IDD 
Supply current 
40 
170 
300 
J.lA 


VT 
nUCMOS 
logic threshold voltage 1 
1.1 
1.25 
1.4 
V 


VIH 
Logic 1 level 
Enable channel 1 
2.0 
VDD 
V 


VIL 
Logic 0 level 
Enable channel 2 
-0.3 
0.8 
V 


IlL 
ENCH 1 input current 
ENCH1=0.4V 
-1 
0 
1 
J.lA 


IIH 
ENCH 1 input current 
ENCH1=2.4V 
-1 
0 
1 
J.lA 


NOTE: 
1. The ENCH 1 input must be connected 
to a valid Logic Level for proper operation of the NE/SA630. 


AC ELECTRICAL 
CHARACTERISTlCS1 
- 0 PACKAGE 


voo = +SV, T A = 2SoC; unless otherwise 
stated. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA630 
UNITS 


MIN 
TYP 
MAX 


DC - 100MHz 
1 


S21' S'2 
Insertion loss (ON channel) 
SOOMHz 
1.4 
dB 
900MHz 
2 
2.8 


10MHz 
70 
80 


Isolation (OFF channel)2 
100MHz 
60 
dB 
S21, S,2 
SOOMHz 
SO 


900MHz 
24 
30 


DC-400MHz 
20 
dB 
Sll' 
S22 
Return loss (ON channel) 
900MHz 
12 


Return loss (OFF channel) 
DC - 400MHz 
17 
dB 
S11, S22 
900MHz 
13 


to 
Switching speed (on-off delay) 
SO% TIL to 90/10% RF 
20 
ns 


tr,tf 
Switching 
speeds (on-off rise/fall time) 
90%/10% to 10%/90% RF 
S 
ns 


Switching transients 
16S 
mVp.p 


P.1dB 
1dB gain ccmpression 
DC -1GHz 
+18 
dBm 


IP3 
Third-order 
intermodulation 
intercept 
100MHz 
+33 
dBm 


IP2 
Second-order 
intermodulation 
intercept 
100MHz 
..• 
+S2 
dBm 


NF 
Noise figure (20 = SOn) 
100MHz 
1.0 


dB 
900MHz 
2.0 


NOTE: 
1. All measurements 
include the effects of the D package NElSA630 
Evaluation Board (see Figure 1B). Measurement 
system impedance is 


son. 


2. 
The placement of the AC bypass capacitor is critical to achieve these specifications. 
See the applications 
section for more details. 


AC ELECTRICAL 
CHARACTERISTICS1 
• N PACKAGE 


Voo = +SV, T A = 2Soc; all other characteristics 
similar to the D-Package, unless otherwise stated. 


LIMITS 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
NElSA630 
UNITS 


MIN 
TYP 
MAX 


DC-100MHz 
1 


S210S,2 
Insertion loss (ON channel) 
SOOMHz 
1.4 
dB 


900MHz 
2.S 


10MHz 
S8 
68 


S21, S'2 
Isolation (OFF channel) 
100MHz 
SO 
dB 
SOOMHz 
37 


900MHz 
1S 


NF 
Noise figure (20 = SOn) 
100MHz 
1.0 
dB 
900MHz 
2.S 


NOTE: 
1. All measurements 
include the effects of the N package NE/SA630 Evaluation Board (see Figure 1C). Measurement 
system impedance is 


son. 


APPLICATIONS 
The typical applications 
schematic and 
printed circuit board layout of the NE/SA630 
evaluation board is shown in Figure 1. The 
layout of the board is simple, but a few 
cautions need to be observed. 
The input and 
output traces should be son. 
The placement 
of the AC bypass capacitor is extremely 


criticalif 
a symmetric isolation between the 


two channels is desired. 
The trace from Pin 


7 should be drawn back towards the package 
and then be routed downwards. 
The 
capacitor should be placed straight down as 
close to the device as practical. 
For better 


isolation between the two channels at higher 
frequencies, 
it is also advisable to run the two 


outpuVinput traces at an angle. This also 
minimizes any inductive ccupling between the 
two traces. 
The power supply bypass 
capacitor 
should 
be placed 
c\ose \0 the 


device. 
7 shows the frequency response of 


the NElSA630. 
The loss matching between 
the two channels is excellent to 1.2GHz as 
shown in 


f--------o 
OUT 2 


O.Ol~F 


o .~ 


~';'Wi' 
a·.~ 


• 
• 


630C1 7/91 


• • 
• 
• • 
* 
':i': II * 
';i': 


c. NE/SA630 
N-Package 
Board 
Layout 
Figure 
1. 


10. The isolation and matching of the two 
channels over frequency 
is shown in 12 and 


14, respectively. 


The NE630 is a very versatile part and can 
be used in many applications. 
2 shows a 
block diagram of a typical Digital RF 
transceiver front-end. 
In this application 
the 
NE630 replaces the duplexerwhich 
is 
typically very bulky and lossy. 
Due to the low 
power consumption 
of the device, it is ideally 
suited for handheld applications 
such as in 


CT2 cordless telephones. 
The NE630 can 


also be used to generate Amplitude Shift 
Keying (ASK) or On-Off Keying (OOK) and 
Frequency Shift Keying (FSK) signals for 
digital RF communications 
systems. Block 
diagrams for these applications 
are shown in 


3 and 4, respectively. 


For applications 
that require a higher isolation 


at 1GHz than obtained from a single NE630, 
several NE630s can be cascaded as shown 
in 5. The cascaded configuration 
will have a 
higher loss but greater than 35dB of isolation 
at 1GHz and greater than 65dB @ 500MHz 
can be obtained from this configuration. 
By 
modifying the enable control, an RF 
multiplexeri 
de-multiplexer 
or antenna 
selector can be constructed. 
The simplicity of 
NE630 coupled with its ease of use and high 
performance 
lends itself to many innovative 
applications. 


The NEiSA630 
switch terminates 
the OFF 


channel in 50Q. The 50Q resistor is internal 
and is in series with the external AC bypass 
capacitor. 
Matching to impedances 
other 


than 50Q can be achieved by adding a 
resistor in series with the AC bypass 
capacitor (e.g .• 25Q additional 
to match to a 
75Q environment). 


FREQUENCY 
SHIFT 
KEYING 
(FSK) 
GENERATOR 


Figure 
4. 
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Figure 6. 
Supply Current vs. Voo and Temperature 
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Figure 8. 
Loss vs. Frequency and Voo for O-Package 
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Figure 7. 
Loss vs. Frequency and Voo for O-Package 
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Figure 10. 
Loss Matching vs. Frequency; 
CH1 vs. CH2 for D·Pakage 
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Figure 11. 
Loss vs. Frequency 
and Temperature 


for D-Package 
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Figure 12. 
Isolation vs. Frequency 
and Voo for D-Package 
Figure 13. 
Isolation Matching vs. Frequency 
for N-Package 
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Figure 14. 
Isolation Matching vs. Frequency; 
CH1 vs. 
CH2 for O-Package 
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Figure 21. 
Noise Figure vs. Frequency 
and 


Voo for O-Package 


Section 17 
Package outlines 


8-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
957 


8-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package 
958 


8-Pin Ceramic Dual In-Line (F) Package 
959 


14-Pln (300 mils wide) Plastic Dual In-Line (N) package. 
. 
960 


14-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package 
961 


14-Pin Ceramic Dual In-line (F) Package. 
. . 
. 
962 


16-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
963 


16-Pin (300 mils wide) Plastic SOL (Small Outline Large) Dual In-Line (D) Package 964 


16-Pin (157 mils wide) Plastic SO (Small Outline) Dual In-Line (D) Package 
965 


16-Pin Ceramic Dual In-line (F) Package. 
. . 966 


18-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
.. 
967 


18-Pin Ceramic Dual In-Line (F) Package 
. . 
968 


20-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
969 


20-Pin (300 mils wide) Plastic SOL (Small Outline Large) Dual In-Line (D) Package 970 


20-Pin Ceramic Dual In-Line (F) Package 
. . . . . . . . . . . . 
.. 
971 


22-Pin (400 mils wide) Plastic Dual In-Line (N) Package 
972 


22-Pin Ceramic Dual In-Line (F) Package 
. . . . . . . . . . . . . . . 
. 
973 


24-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
974 


24-Pin (400 mils wide) Plastic Dual In-Line (N) Package 
975 


24-Pin (600 mils wide) Plastic Dual In-Line Package 
. . . . . . . . . . . 
. 
976 


24-Pin (300 mils wide) Plastic SOL (Small Outline Large) Dual In-Line (0) Package 977 


24-Pin (300 mils wide) Ceramic Dual In-Line (F) Package 
978 


24-Pin (400 mils wide) Ceramic Dual In-Line (F) Package 
979 


24-Pin (600 mils wide) Ceramic Dual In-Line (F) Package 
. . . . . . . . . . 
980 


28-Pin (300 mils wide) Plastic Dual In-Line (N) Package 
.. 
981 


28-Pin (600 mils wide) Plastic Dual In-Line (N) Package 
.. 
982 


28-Pin Plastic Leaded Chip Carrier (A) Package 
.. 
983 


SOT97 8-Pin Plastic Dual In-Line (NIP) Package 
984 


SOT96A 8-Pin Plastic SO (Small Outline) Dual In-Line (DIT) Package 
985 


S0T110B 
9-Pin Plastic Single In-line (U) Package 
986 


SOT162A 
16-Pin Plastic SOL (Small Outline Large) Dual In-Line (DIT) Package 
987 


S0T38 
16-Pin Plastic Dual In-Line (NIP) Package 
988 


S0T74 
16-Pin Ceramic Dual In-Line (F) Package. 
. 
989 


SOT102 18-Pin Plastic Dual In-Line (NIP) Package with Internal Heatspreader 
... 
990 


SOT146 20-Pin Plastic Dual In-Line (NIP) Package 
991 


SOT163A 20-Pin SO (Small Outline) Plastic Dual In-Line (DIT) Package. 
992 


SOT101 24-Pin Plastic Dual In-Line (NIP) Package with Internal Heatspreader 
... 
993 


SOT137A 24-Pin Plastic SO (Small Outline) Dual In-Line (DIT) Package. 
994 


SOT117 28-Pin Plastic Dual In-Line (NIP) Package 
995 


SOT136A 28-Pin Plastic SOL (Small Outline Large) Dual In-Line (NIP) Package 
. 996 


SOT232 32-Pin Plastic Shrink Dual In-Line (NIP) Package. 
. 
997 


"!-----1{j}1 D ®I 0.004 (0.1O)! 


I 
I 


0.255 (6.48) 


0.245 (6.22) 
-l 


JL 0022(056) 
~~~-~_::_:~~~-~_:_-- 
0.017 (0.43)-1{j}1 TIE 
!D®!0010(025)4!I! 


NOTES 


1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC 
Specification MS-001-AB 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 8 leads (Issue B, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.Q10 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicuiar to plane T 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #8 when viewed from the top. 


\ 
0.Q35(0.89) 
I 
\ 
=t.020(0.51) ~ 
I-- 0.~S8.62)-1 I 
(NOTE 5) 


0.015 (0.38) 
0.395 (10.03)J 


0.010 (0.25) 
0.300 (7.62) 


NOTES 
1. Package dimensions conform to JEDEC Specification MS-012-AA 
for standard Small Outline (SO) package, 8 leads, 3.75mm (0.150") 
body width (Issue A, June 1985). 


2. 
Controlling dimensions are mm. Inch dimensions in parentheses. 


3. 
Dimensioning and tolerancing per ANSI Y14.5M-1982. 


4. 
"0" and "E" are reference datums on the molded body and do not 
include mold flash/protrusions. 
Mold flash/protrusions 
at "0" shall 
not exceed 0.15mm (0.006") per side. Inter-lead flash/protrusions 
at "E" shall not exceed 0.25mm (0.010") per side. 
5. 
The lead width above the seating plane shall not exceed a maximum 
value of 0.61mm (0.024"). 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #8 when viewed from top. 


7. 
Signetics ordering code for a product packages in a plastic Small 
Outline (SO) package is the suffix 0 after the product number. 
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NOTES: 


1. ControllIng 
dimension: 
inches. 
Millimeters 
are 
shown 
in 
parentheses. 


2. DlmenSKlns 
and 
toleranclng 
per 
ANSI 
Y14.5M 
- 
1982. 
3. "T", 
"0", 
and "E" 
are reference 
datums on the body 
and 
Include 
allowance 
tor 
glass 
overrun 
and 
meniscus 
on 
the 
seal 
Ime, 
and 
lid 
to base 
mismatch. 


4. These 
dimenSIons 
measured 
with 
the 
leads 
constrained 
to be perpendicular 
to plane 
T. 
5 
Pin numbers 
start 
with 
pin # 1 and 
continue 
counterclockwise 
to pin 
#8 
when 
viewed 
from 
the 
lOp. 
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NOTES 


1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. 
Package dimensions conform to JEOEC Specification 
MS-001-AC 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 14 leads (Issue B, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "0", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.2Smm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #14 when viewed from the top. 
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NOTES 
1. 
Package dimensions 
conform 
to JEDEC 
Specification 
MS-012-AB 
for standard 
Small Outline (SO) package, 
14 leads, 3.75mm 
(0.150") 
body width (Issue A, June 1985). 


2, 
Controlling 
dimensions 
are mm, Inch dimensions 
in parentheses, 


3, 
Dimensioning 
and tolerancing 
per ANSI Y14,5M-1982, 


4, 
"D" and "E" are reference 
datums 
on the molded 
body and do not 
include mold flash/protrusions, 
Mold flash/protrusions 
at "D" shall 
not exceed 0, 15mm (0.006") 
per side, Inter-lead 
flash/protrusions 


at "E" shall not exceed 0,25mm 
(0,010") 
per side, 


5, 
The lead width above the seating 
plane shall not exceed 
a maximum 


value ofO,61mm 
(0,024"), 
6, 
Pin numbers start with Pin #1 and continue 
counterclockwise 
to 
Pin #14 when viewed from the top, 


7, 
Signetics 
ordering code for a product 
packages 
in a plastic Small 
Outline (SO) package 
is the suffix D after the product 
number, 
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NOTES, 
1. Controlling 
dimenStOf'l: 
inches. 
Millimeters 
are 
shown 
in 
parentheses. 


2. [);men~s 
and 
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pet' ANSI 
Y14.SM 
- 
1982. 


3. "T", 
"0", 
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are reference 
datums 
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allowance 
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overrun 
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on 
the 
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<t. These 
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with 
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kNtds 
constrained 
to be perpendk:ufar to ~ne 
T. 


5 
Pin numbers 
start 
with 
pin :# 1 and 
continue 
countefclockwise 
to pin # 1. 
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viewed 
from 
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top. 
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NOTES 


1. 
Controlling 
dimension: 
Inches. 
Metric are shown 
in parentheses. 


2. 
Package dimensions 
conform 
to JEDEC 
Specification 
MS-001-AA 
for standard 
Dual In-Line (DIP) package 
0.300 inch row spacing 
(plastic) 
16 leads (Issue B, 7/85). 


3. 
Dimension 
and tolerancing 
per ANSI Y14, 5M - 
1982. 


4. 
"T", "0", and "E" are reference 
datums 
on the molded 
body and 
do not include mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) 
on any side. 


5. 
These dimensions 
measured 
with the leads constrained 
to be 
perpendicular 
to plane T. 


6. 
Pin numbers 
start with Pin #1 and continue 
counterclockwise 
to 
Pin #16 when viewed from the top. 
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NOTES 


1. 
Package dimensions conform to JEDEC Specification M8-013-AA 
for standard Small Outline (SO) package, 16 leads, 7.50mm (0.300") 
body width (lssueA, June 1985). 


2. 
Controlling dimensions are mm. Inch dimensions in parentheses. 


3. 
Dimensioning and tolerancing per ANSI Y14.5M-1982. 


4. 
"D" and "E" are reference datums on the molded body and do not 
include mold flash/protrusions. 
Mold flash/protrusions 
at "D" shall 
not exceed 0.15mm (0.006") per side. Inter-lead flash/protrusions 
at "E" shall not exceed 0.25mm (0.010") per side. 


5. 
The lead width above the seating plane shall not exceed a 
maximum value of 0.61mm (0.024"). 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #16 when viewed from top. 


7. 
Signetics ordering code for a product packaged in a plastic Small 
Outline (SO) package is the suffix D after the product number. 
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NOTES 


1. 
Package dimensions conform to JEDEC Specification MS-012-AC 
for standard Small Outline (SO) package, 14 leads, 3.75mm (0.150") 
body width (Issue A, June 1985). 
2. 
Controlling dimensions are mm. Inch dimensions in parentheses. 


3. 
Dimensioning and tolerancing per ANSI Y14.5M-1982. 


4. 
"D" and "E" are reference datums on the molded body and do not 
include mold flash/protrusions. Mold flash/protrusions at "D" shall 
not exceed 0.15mm (0.006") per side. Inter-lead flash/protrusions 
at "E" shall not exceed 0.25mm (0.010") per side. 


5. 
The lead width above the seating plane shall not exceed a maximum 
value ofO.61mm (0.024"). 


6. 
Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #16 when viewed from top. 


7. 
Signetics ordering code for a product packages in a plastic Small 
Outline (SO) package is the suffix D after the product number. 
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NOTES: 
1. Cootrotling 
dimension: 
tnches.. MiHmetera ar. 
shown 
in 
parentheses. 


2. Dimensions 
and 
toleranctng 
per 
ANSI 
Y14.5M 
- 
1982. 
3. "T", "0", 
and "E" are referencedatumson the body 
and 
include 
a1k>wance 
for 
glass 
OVElfrun 
and 
meniscus 
on 
the 
seat 
line, 
and 
lid 
to 
base 
mismatch. 


4. These 
dimensions 
m88SUfed 
with 
the 
teeds 
constrained 
to 
be 
perpendicular 
to 
ptane 
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5. Pin 
numbers 
start 
with 
pin # 1 and 
continue 
countetclockwise 
to 
pin # 16 when 
viewed 
from 
the 
top. 
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NOTES 


1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC Specification 
MS-001-AD 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 18 leads (Issue B, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #18 when viewed from the top. 
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NOTES: 
1 
Controlling 
dimenSion: 
inches. 
Millimeters 
are 
shown 
In 


parentheses 
2. DimenSions 
and 
tolerancing 
per 
ANSI 
Y14.5M 
- 
1982. 
3. "T", 
"0", 
and "E" 
are relerence 
datums on the body 
and 
Include 
allowance 
for glass 
overrun 
and 
meniSCus 
on 
the 
seal 
Ime, and 
lid 10 base 
mismatch. 


4 
These 
dimenSions 
measured 
with 
the 
leads 
constrained 


to be perpendicular 
to plane 
T. 
5. Pm numbers 
start 
with 
pm # 1 and 
contmue 
counterclockwise 
to pm # 18 when 
viewed 
from 
the 
top. 
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NOTES 


1. Controlling dimension: Inches. Metric are shown in parentheses. 


2. 
Package dimensions ccnform to JEDEC 
Specification 
MS-001-AE 


for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 20 leads (Issue S, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


6. 
Pin numbers start with Pin #1 and ccntinue counterclockwise 
to 
Pin #20 when viewed from the top. 
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NOTES 
1. 
Package 
dimensions 
conform 
to JEDEC 
Specification 
MS-013-AC 
for standard 
Small Outline 
(SO) package, 
20 leads. 7.50mm 
(0.300") 
body width (Issue A, June 1985). 


2. 
Controlling 
dimensions 
are mm. Inch dimensions 
in parentheses. 


3. 
Dimensioning 
and tolerancing 
per ANSI Y14.5M-1982. 


4. 
"D" and "E" are reference 
datums 
on the molded 
body and do not 
include 
mold flash/protrusions. 
Mold flash/protrusions 
at "D" shall not 


exceed 
0.15mm 
(0.006") 
per side. Inter-lead 
flash/protrusions 
at "E" 
shall not exceed b.25mm 
(0.010") 
per side. 


5. 
The lead width above the seating 
plane shall not exceed 
a maximum 
value of 0.61mm 
(0.024"). 
6. 
Pin numbers 
start with Pin #1 and continue 
counterclockwise 
to 
Pin #20 when viewed from top. 


7. 
Signetics 
ordering 
code for a product 
packaged 
in a plastic 
Small 
Oudine (SO) package 
is the suffix D after the product 
number. 
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NOTES: 
1. Controlling 
dimensIon: 
Inches. 
Millimeters 
are 
shown 
in 


parentheses 
2. Dimensions 
and 
lOlerancing 
per 
ANSI 
Y14.5M 
- 
1982. 


3. "T", 
"0", 
and "E" 
are reference 
datums 
on the body 
and 
Include 
allowance 
for 
glass 
overrun 
and 
meniscus 
on 
the 
seal 
line. 
and 
lid 
10 base 
mismatch. 


4. These 
dimensions 
measured 
With 
the 
leads 
constrained 
to be 
perpendicular 
10 plane 
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5, Pin 
numbers 
stan 
With pin # 1 and 
continue 
counterck>ckwlse 
to pm 
#20 
when 
Viewed 
horn 
the top. 
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EPROM 
products. 
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NOTES 


1. Controlling dimension: Inches. 
Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC Specification MS-010-AA 
for standard Dual In-Line (DIP) package 0.400 inch row spacing 
(plastic) 22 leads (issue A, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14.5M-1982. 


4. "r, "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


6. 
Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #22 when viewed from the top. 
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NOTES, 


1. Controlhng 
dimension: 
inches. 
Millimeters 
are 
shown 
In 
parentheses. 


2. DimenSions 
and 
tolerancing 
per 
ANSI 
Y14.5M 
- 
1982. 


3. "T", 
"0", 
and "E" 
are reference 
datums 
on the body 
and 
include 
allowance 
for 
glass 
overrun 
and 
meniSCus 
on 
the 
seal 
line, and 
lid to base 
mismatch. 


4. These 
dimenSions 
measured 
with 
the 
leads 
constrained 
to be perpendicular 
to plane 
T. 
5. Pin numbers 
start 
with 
pm # 1 and 
continuo 
counterclockwise 
to 
pin # 22 
when 
viewed 
Irom 
the 
lOp. 
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NOTES: 


1. Controlling dimension: Inches. 
Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC 
Specification MS-001-AF 
for standard Dualln-Une 
(DIP) package 0.300 inch row spacing 
(plastic) 24 leads (Issue S, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "D", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (O.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T. 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #24 when viewed from the top. 
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NOTES: 


1. 
Controlling 
dimension: 
Inches. 
Metric are shown in parentheses. 


2. 
Dimension 
and tolerancing 
per ANSI Y14, 5M - 1982. 


3. 
"T", "D", and "E" are reference 
datums 
on the molded 
body and 


do not include mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) 
on any side. 


4. 
These dimensions 
measured 
with the leads constrained 
to be 


perpendicular 
to plane T. 


5. 
Pin numbers 
start with Pin #1 and continue 
counterclockwise 
to 
Pin #24 when viewed from the top. 
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NOTES: 


1. Controlling dimension: Inches. 
Metric are shown in parentheses. 


2. 
Package dimensions conform to JEDEC 
Specification MS-Oll-M 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
(plastic) 24 leads (Issue B, 7/85). 


3. 
Dimension and tolerancing per ANSI Y14, 5M - 1982. 


4. 
"T", "0", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.25mm) on any side. 


5. 
These dimensions measured with the leads constrained to be 
perpendicular to plane T 


6. 
Pin numbers start with Pin #1 and continue counterclockwise 
to 
Pin #24 when viewed from the top. 
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NOTES 
1. 
Package dimensions 
conform 
to JEDEC 
Specification 


MS~13-AD 
for standard 
Small Outline 
(SO) package. 


24 leads. 7.50mm (0.300") 
body width (lssueA. 
June 1985). 


2. 
Controlling 
dimensions 
are mm. Inch dimensions 
in 
parentheses. 


3. 
Dimensioning 
and tolerancing 
per ANSI Y14.5M-1982. 


4. 
"D" and "E" are reference 
datums 
on the molded 
body and do 
not include mold flash/protrusions. 
Mold flash/protrusions 
at "D" shall not exceed 
0.15mm 
(0.006") 
per side. Inter-lead 
flash/protrusions 
at "E" shall not exceed 0.25mm 
(0.010") 
per side. 


5. 
The lead width above the seating plane shall not exceed 
a maximum 
value of 0.61mm 
(0.024"). 


6. 
Pin numbers 
star! with Pin #1 and continue 
counterclockwise 
to Pin #24 when viewed 
from top. 


7. 
Signetics 
ordering 
code for a product 
packaged 
in a plastic 
Small Oudine (SO) package 
is the suffix D after the 
product number. 
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NOTES: 
1. Controlling 
dimenUon: 
inches. 
Millimeter. 
are 
Ihown 
in 


parentheses. 


2. Dimensions 
and 
lo1erancing 
pet' ANSI 
Y14.5M 
- 
1982. 


3. "T", "0", and "E" are reference datums on the body 
and 
inc!ude 
allowance 
tor glul 
overrun 
and 
meniscus 
on 
the 
seal 
line, and 
ijd to base 
mismatch. 


4. These dimensions measured with the leads cona'ramed 
to be 
perpendicular 
to plane 
T. 


5. Pin number. 
,tart 
with 
pin # 1 and 
continue 
counterclockwise 
10 pin #24 
when 
viewed 
trom 
the top. 


8. Denote. window location tor EPROM products (see FA 
pact<age), 
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NOTES: 
1. Conlrollingdimension, Inches. MiIIlmet••• oro shown In 


parentheses. 


2. [);rnonsions snd t_.nclng 
per ANSI Y14.5M - 
1982. 


3. "T", 
"0", 
and 
"E" 
are 
reference 
datums 
on 
the 
body 
and include allowance 'Of glass overrun and meniscus on 
the seal 
line. and 
lid to base 
mismatch. 
•. 
These 
dimensions 
m8astKed 
with 
the 
leads 
constrained 
to be perpendicular 
10 plane 
T. 


5. Pin numbers 
start with 
pin # 1 and 
continue 
counterctockwtse 
to pin 
#24 
when 
viewed 
from 
the 
top. 
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NOTES: 
1. Controlling 
dimensKln: 
inches. 
MiUimet8f's 
are 
shown 
in 


parentheses. 


2. Dimensions 
and 
tolerancing 
per 
ANSI 
Y14.5M 
- 
1982. 
3. "T", 
"0", 
and 
"E" 
are 
reference 
datums 
on 
the 
body 
and 
include 
allowance 
tOf 
glass 
overrun 
and 
meniscus 
on 
the 
seal 
line, 
and 
lid 
to 
base 
mismatch. 
4. These 
dImensions 
measured 
with 
the 
leads 
constrained 


10 be 
perpendicular 
to 
plane 
T. 
5. Pin 
numbers 
start 
with 
pin # 1 and 
continue 
counterclockwise 
to pin 
#24 
when 
viewed 
trom 
the 
top. 


6. Denotes 
window 
k>cation 
for 
EPROM 
products. 
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NOTES: 


1. 
Controlling 
dimension: 
Inches. 
Metric are 
shown in parentheses. 


2. 
Dimension 
and tolerancing 
per ANSI Y14, 
5M-1982. 


3. 
"T", "0", and "E" are reference 
datums 
on the 
molded 
body and do not include 
mold flash or 


protrusions 
which 
shall not exceed 
0.010 inch 
(0.25mm) 
on any side. 


4. 
These dimensions 
measured 
with the leads 
constrained 
to be perpendicular 
to plane "T". 


5. 
Pin numbers 
start with Pin #1 and continue 
counterclockwise 
to Pin#28 when viewed 
from the top. 
£ Lead tip taper is required 
alter trimming. 
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NOTES: 


1. 
Controlling 
dimension: 
Inches. 
Metric are shown in parentheses. 


2. 
Package 
dimensions 
conform 
to JEDEC 
Specification 
MS-011-AB 
for standard 
Dual In-Line (DIP) package 
0.600 inch row spacing 


(plastic) 
28 leads (Issue B, 7/84). 


3. 
Dimension 
and tolerancing 
per ANSI Y14, SM - 1982. 


4. 
"T", "D", and "E" are reference 
datums 
on the molded 
body and 
do not include mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed 0.010 inch (0.2Smm) 
on any side. 


5. 
These dimensions 
measured 
with the leads constrained 
to be 
perpendicular 
to plane T. 


6. 
Pin numbers 
star! with Pin #1 and continue 
counterclockwise 
to 
Pin #28 when viewed from the top. 
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28 PLACES 


NOTES 
1. 
Package 
dimensions 
confonn 
to JEDEC 
Specification 
MQ-047-AB 
for Plastic 
Leaded Chip Carrier 
28 leads, 0.050 inch (1.27mm) 
lead 
spacing, 
square. (Issue A, 10/31/84.) 


2. 
Controlling 
dimensions: 
inches. 
Metric dimensions 
in mm are shown 
in parentheses. 


3. 
Dimensioning 
and tolerancing 
per ANSI YI4.5M-1982. 


& Datum plane "-H-" located 
at the top of mold parting 
line and coincident 
with top of lead, where lead exits plastic 
body. 


.&. Location 
to datum "-A-" and "-8-" to be determined 
at plane "-H-". These 
datums 
do not include mold flash. Mold flash protrusion 
shall not 
exceed 
0.010" (0.25mm) 
on any side. 


~ 
Datum "D-E"and 
"F-G" 
are determined 
where 
these center 
leads 
exit from the body at plane "-H-". 


7. 
Pin numbers 
continue 
counterclockwise 
to Pin 28 (top view). 
8. 
Signetics 
order code for product 
packaged 
in a PLCC is the suffix 
"A" after the product 
number. 
&. Applicable 
to packages 
with pedestal 
only. 
& 
Location 
of Pin '1 
mark is optional. 
Mark on chamfered 
side is preferred. 
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$ Positional accuracy. 
@ 
Maximum Material Condition. 


(l) 
Centre-lines of all leads are 
within ±O,127 mm of the 
nominal position shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
±O,254 mm. 


(2) 
Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


(3) 
Only for devices with 
asymmetrical end-leads. 
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$ 
Positional accuracy. 


@ 
Maximum Material Condition. 


(l) 
Centre-lines of all leads are 
within ±0,127 mm of the 
nominal position shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
±O,254 mm. 


(2) 
Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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(1) Centre-lines of all leads are within 


±O.127 mm of the nominal 
position shown; in the worst 
case, the spacing between any 
two leads may deviate from 
nominal by ±O.254 mm. 


(2) Lead spacing tolerances apply 


from seating plane to the line 
indicated. 
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$ 
Positional accuracy. 


® 
Maximum Material Condition. 


(I) 
Centre-lines 
of all leads are 


within 
±0,127 
mm of the 


nominal position 
shown; in 
the worst case, the spacing 
between 
any two leads may 


deviate from 
nominal 
by 


±0.254 
mm. 


(2) 
Lead spacing tolerances 
apply 


from seating 
plane to the line 


indicated. 
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$ Positional accuracy. 
@ 
Maximum Material Condition. 


(l) 
Centre-lines of all leads are 
within ±O,127 mm of the 
nominal position shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
±O,254 mm. 


(2) 
Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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